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Notices of the Aeronautical Society of Great Britain. 


The Society’s Lectures. 
The following is the syllabus of lectures arranged for the 52nd Session :— 


Wednesday, Jan. 24th. Brig.-General Brancker, R.A. ‘‘ The Training 
of Military Flvers.’’ 
Feb. 7th. Mr. F. Handley Page, A.F.Aé.S. ‘‘ The Case 


for the Large Aeroplane.”’ 

Feb. 2xst. Capt. Walpole, D:Sc., A.D. Less 
Satisfactory Materials of Aircraft Construc- 
tion.” 

Pn Feb. 28th. Major G. I. Tavlor, R.F.C. (of the Meteoro- 
logical Office). Fog Conditions.’’ 

i Mar. 7th. Capt. H. J. Tizard, R.F.C. (R.F.C. Testing 
Squadron). ‘‘ Methods of Measuring Air- 
craft Performances.”’ 

ne Mar. 21st. Mr. M. A. S. Riach. ‘‘ Air Screws.’’ 

ii Apl. 4th. Mr. A. B. Young. ‘‘ Magneto Electric Igni- 
tion on Aircraft.”’ 

7s Apl. 18th. Dr. W. H. Hatfield (Brown Firth Laboratory, 
Sheffield). ‘* Steel and Steel Alloys.”’ 

= May 2nd. Capt. C. P. Cave, R.F.C. ‘‘ Meteorological 
Dangers to Flying.”’ 

May 16th. Mr. L. Coatalen, A.F.Aé.S. Aero Engines.”’ 

May 30th. Mr. Holt Thomas. Commercial Aeronautics.”’ 

o June 13th. Capt. B. C. Hucks, R.F.C. ‘* A Further Three 
Years’ Flying Experience.”’ 

‘“ June 27th. Dr. Mullineux Walmsley and Mr. C. E. 
Larard. Aeronautical Engineers’ Educa- 
tion.”’ 


Visitors may attend the Ordinary Meetings on the introduction of a Member 
of the Society. 


to 
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Students’ Section. 


The following course of lectures, illustrated where required by lantern slides 
and models, will be given at various local centres. The dates and programme of 
the London course are given below. These lectures will be delivered at St. Peter’s 
Hall, Cricklewood Lane, London, N.W., for the convenience of the Hendon 
Centre at 7.30 p.m. on each date. This course is also being delivered at Cardiff. 
Dates will be sent on application :— 

1. Mar. ist, 1917. Mr. Bertram G. Cooper, A.F.Aé.S. ‘‘ History and 
Development of the Aeroplane.”’ 

2. Mar. 8th, 1917. E. S. Relf, A.R.C.Sc., A.F.Aé.S. (of the National 
Physical Laboratory). ‘‘ The Aerofoil and Fluid 
Flow Round Bodies, etc.”’ 

3. Mar. 15th, 1917. A. Fage, A.F.Aé.S. (of the National Physical Labora- 
tory). ‘‘ The Airscrew.’’ 

4. Mar. 22nd, 1917. Capt. F. S. Barnwell, R.F.C. ‘‘ The Modern Aero- 
plane.”’ 

5. Mar. 29th, 1917. R. O. Boswall, A.F.Aé.S.  ‘‘ Materials and Methods 
of Design and Construction of Aeroplanes.’’ 

6. Apl. 5th, 1917. Lieut.-Colonel Waterlow, Wing Com. R.N.A.S. 
‘* History and Development of Balloons and Air- 
ships.”’ 

7. Apl. 12th, 1917. Lieut.-Colonel Waterlow, Wing Com. R.N.A.S. 
Constructional Materials.”’ 

8. Apl. 19th, 1917. L. Bairstow, A.F.Aé.S. (of the National Physical 
Laboratory). Stability and Control.’’ 

g. Apl. 26th, 1917. Lieutenant J. S. Irving, R.F.C. ‘‘ Aero Engines.’ 

10. May 3rd, 1917. ‘‘ Meteorology and Navigation. 


’ 


Applications for tickets for the Student Courses should be made to the 
Secretary. 


The Secretary. 


Mr. W. Barnard Faraday, LL.B., F.S.S., Barrister-at-Law, of Gray’s Inn, 
and the Northern Circuit, has been appointed Secretary as from 1st January, 1917. 


The Society of British Aircraft Constructors. 


The Society have entered into an agreement with the Society of British Air- 
craft Constructors, which embodies the following clauses :— 


1. The Aéronautical Society of Great Britain shall be, as hitherto, 
the recognised paramount and representative body of the scientific and 
technological aspects of Aeronautics, including Aircraft Engines. 


2. The Society of British Aircraft Constructors is the paramount 
and representative body of the British Aircraft Industry, including Air- 
craft Engines. 


3. The two bodies shall co-operate and support each other in their 
respective spheres in the development of the Science and Industry of 
Aeronautics. To this end there shall be a Standing Committee of Rela- 
tions consisting of equal numbers of the Members of the Council of the 
A.S.G.B. and of the Members of the Committee of Management of the 
S.B.A.C. 


4. The function of such Committee of Relations shall be to act as 
the channel of communication by which the governing bodies of the two 
Societies are to be kept in touch and generally to advise the governing 
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bodies upon matters affecting their common interests. It shall consider 
questions of policy and recommend to the respective governing bodies 
whether joint action is or is not desirable on any matter coming within 
the scope of the Committee of Relations, the intention being that the 
respective identities of the two governing bodies are to be kept distinct 
in their respective spheres and that no part of the responsibility of the 
two bodies is to be delegated to the Committee of Relations. 


s. The Committee of Relations shall have power to co-opt and invite 
5 I 
representatives of any other body (including Government Departments). 


6. Ali questions relating to scientific and technological research 
arising from the mutual action of the two Societies shall be dealt with 
by the A.S.G.B., and similarly all industrial questions shall be dealt with 
by the S.B.A.C. 


7. Technical Committees for special purposes shall be established 
by the A.S.G.B. when so recommended by the Committee of Relations. 
Such Committees shall in all cases be composed of ‘an equal number of 
Members of each Society with the proviso that not less than 50 per cent. 
of the nominations of the S.B.A.C. shall be Fellows or Associate Fellows 
of the A.S.G.B. Such Technical Committee shall have power to co-opt 
and invite representatives of any other body (including Government 
Departments). 


The Standing Committee of Relations has been elected as follows :— 
REPRESENTING THE AERONAUTICAL SOCIETY OF GREAT BRITAIN. 
Major-General R. M. Ruck, C.B., C.M.G., R.E. 
Lieutenant-Colonel O’Gorman, C.B. 

Commander Briaes, R.N. 
Mr. GRIFFITH BREWER. 
Mr. B. G. Cooprr. 

Mr. HanpDLEY PAGE. 

Mr. L. Barrstow. 
Colonel CORMACK. 


REPRESENTING THE SOCIETY OF BritIsH AIRCRAFT CONSTRUCTORS. 
Mr. H. SMITH. 
Mr. R. O. Cary (Sopwith Aviation Co., Ltd.). 
Mr. L. CoataLen (Sunbeam Motor Car Co., Ltd.). 
Mr. H. Futon (Martinsyde, Ltd.). 
Mr. N. G. GwynnE (Gwynne’s, Ltd.). 
Mr. G. Hour Tnomas (Aircraft Manfg. Co., Ltd.). 
Mr. H. T. Wricurt (J. Samuel White and Co., Ltd.). 
Major Woop (Vickers, Ltd.). 
At the preliminary meeting of the Standing Committee, Major-General Ruck 
was elected Chairman, and Mr. Chas. V. Allen Secretary. 


The Department of Scientific and Industrial Research. 

The two societies, through their joint Standing Committee, are co-operating 
with the new department to secure the advantage of the aircraft industry from 
both the scientific and industrial aspects. 

Honours and Awards. 
Major-General Ruck, Chairman of this Society, has been awarded the C.M.G. 


Mr. Leonard Bairstow, A.F.Aé.S., has been elected a Fellow of the Roval 
Society. 
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Obituary. 


The Council desire to express the regret of the Society at the deaths of the 
following members :— 


Sub-Lieutenant George Horsley Porter, R.N.V.R., joined the Society as a 
student member in 1913. He saw considerable service in France and was badly 
gassed in 1915. His health gravely affected, he returned to England and was 
transferred to the Royal Naval Air Service, and met his death as the result of a 
minor accident at Roehampton. Lieutenant Porter took a keen interest in 
aviation. 


The Duke of Atholl, K.T., was a former Vice-President of this Society, and 
took a great interest in aviation. He lent distinguished support to the science of 
aeronautics from the early days of its development. 


We regret to record the death of Major Frank W. Gooden, R.F.C. (S.R.), 
an Associate Fellow of the Aéronautical Society, which occurred at Farnborough 
on January 28th, as the result of an accident while flying. He was making a final 
test of a new machine, when at a height of 1,200 feet one of the wings collapsed. 
Major Gooden was an enthusiast in all matters relating to aviation. He followed 
with the closest interest the early experiments of Mr. A. V. Roe, on Lea Marshes, 
and shortly afterwards became an expert aeronaut and parachutist, and accom- 
panied Mr. E. T. Willows on his first voyage in a dirigible airship to France. 
He joined the staff of the Royal Aircraft Factory as a civilian test pilot on August 
7th, 1914, and in the following February received a commission as Second Lieu- 
tenant, R.F.C., remaining attached to the R.A.F. In January, 1916, he was 
appointed head of the Experimental Flying Department at Farnborough. In 
October of that vear he was gazetted Squadron Commander with the rank of 
Major. Major F. W. Gooden was the second son of Mr. and Mrs. H. F. Gooden, 
of Eastbourne, and was 27 vears of age. 


The Aero-Educational Premiums Fund. 


The following Account shows the state of the Fund to the 31st December, 


1916 :— 
Cr., 1916. 
s. 
January rst. Balance at Bank 20 16 13 
January rst. £600 34% War Loan (Griffith Brewer and others) 
at cost in December, 1914 566 11 7 
December 27th. The British Wright Co., Ltd. (donation) et 50 0 oO 


Dr., 1916. 


December 27th. Premium to Major T. Robertson on his attaining 
Associate Fellowship of the Aéronautical 


£613 8 6 


Balance at Bank, 31st December, 1916... £46 16 11 


8 6 

4s. 4. 
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The Wilbur Wright Memorial Fund. 


The following Account shows the state of the Fund to the 31st December, 


CR., 1916. 
January Ist. Balance brought forward... 129) <9 
January Ist. Canada 4% Stock, 1940-60 (Griffith Brewer and 
others), at cost in December, 1913 ... nee 531 10 9 
April 3rd. Dividend on £550 Canada 4% Stock... ae g 1 6 
October 3rd. Dividend on 2530 Canada 4% Stock ... i 3 5 0 
December 31st. Dividends from  Aero-Educational Premiums 
Fund— 
March 19gt@... S13 11 
September 1st, 1916 
= TO Tr 5 


£694 5 


Dr., 1916. 
3s. 
Premium to Mr. Griffith Brewer for Fourth 
Wilbur Wright Memoriai Lecture ... 
$673 10 5 
Investment as above 531 10 9 
Balance at Bank, 31st December, 1916 ... << ie eS 


> 


Dr. 
IGIZ. 


November 5th. 


December 
1913. 
March 18th. 
March roth. 


30th. 


June 26th. 
December 
May 21st. 


30th. 


June 27th. 
November 2nd. 


December 7th. 


IQI5. 

March Ist. 

September tst. 
1916. 

March 

September rst. 

December 27th. 


STATEMENT OF 
To Griffith Brewer (donation) 
-» John Dunville 
», Interest on Deposit A/c. to Christmas 
», A. M. Singer 
», Alec Ogilvie 
», Interest on Deposit A/c. to Midsummer 
», Lord Noribcliffe 
», Interest on Deposit A/c. to Midsummer 
F. K. McLean (donation) 
», Interest on Deposit A/c. to this date 
y, Amount withdrawn from Deposit 
», Dividend on 4600 War 34% Stock ... 
ditto 
” ditto 
ditto 
», The British Wright Co., Ltd. (donation) ... 
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THE AERO-EDUCATIONAL 


50° 


£1,185 


RECEIPTS AND PAYMENTS, 


s. d. 
O 
18 6 
19 2 
o 
o oO 
14 I 
10. 2 
14 6 
Oo 

9 
2 4 
41 
17 6 
o oO 
14 


The above Statement of Receipts and Payments has been prepared 


Norfolk House, 


Laurence Pountney Hill, E.C., 


arst February, 1917. 


6 
100 
100 
100 
4 
100 
87 
500 
I 
8 
8 
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PREMIUMS FUND. 


NOVEMBER, to 31st DECEMBER, 1916. 


1gi2. 


November 5th. 


1913. 


January 23rd. 


April 1st. 


August 22nd. 


1914. 
February 4th. 


May 21st, 


November 23rd. 


December 7th. 


IQI5. 
January 16th. 


1916. 
March oth. 


September 4th. 


December 27th. 


December 31st. 


By 


” 


” 


Amount placed on Deposit 


Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 

Amount placed on Deposit ies 

Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 


Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 

Amount placed on Deposit 

Application on £600 War Loan 12 0 oO 

Balance paid on £600 War 


Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 


Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 

Interest on Deposit A/c. transferred to the 
Wilbur Wright Memorial Fund 

Premium to Major T. Robertson on_ his 
attaining Associate Fellowship of the 
Aéronautical Society 

Cash at Bank 


by us from the Books and Vouchers of the Fund. 


CR 

4 s.d 
200° 
19) 
200 0 O 
6: 10) 2 
100 O O 
560° 
9 4 1 
is 
717 6 
25 0° 
46 16 11 


WRIGHT, WAKE, PRICE & CO., 
Chartered Accountants. 


” 
‘ 
£1185 14 6 


Dr. 


1913. 


December 31st. 


1QI4. 
April 2nd. 


June 27th. 


October 6th. 


December 7th. 


December 31st. 


IQI5. 


March tst. 
April 3rd. 
October 6th. 


September 1st. 


1916. 
March 1st. 


April 3rd. 


September 4th. 


October 3rd. 
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THE WILBUR WRIGHT 


STATEMENT OF 


To Subscriptions received to date as per List 


Interest on Deposit A/c. to 11th December, 
1913 
Interest on Acro-Educational Premiums Fund 


to 30th December, 1913 


Dividend on £550 Canada 4% Stock, 1940-60 

Interest on Aero-Educational Premiums Fund 
Deposit 

Dividend on £.550 Canada 4% Stock, 1940-60 

Interest on \ero-Educational Premiums [und 
Deposit 

Subscriptions received during the vear as per 


List 


Dividend on 4.600 War Loan received from 

the .\ero-Educational Premiums Fund ... 
Dividend on £550 Canada 4% Stock, 1940-60 
Dividend on £550 Canada 49 Stock, 1940-60 
Dividend on 4.600 War Loan received from 


the Aero-Educational Premiums Fund ... 


Dividend on £600 War Loan received from 
ithe Aero-Educational Premiums Fund ... 
Dividend on £550 Canada 4% Stock, 1940-60 
Dividend on £600 War Loan received from 
the Aero-Educational Premiums Fund ... 


Dividend on 4.550 Canada 4%, Stock, 1940-60 


~ 


564 


uw 


68 


| 


14 
6 


un 


RECEIPTS AND PAYMENTS, 


II 


to 


| 


II 
6 


len 


The above Statement of Receipts and Payments has been prepared 


Norfolk House, 


Laurence Pountney Hill, E.C., 


21st February, 1917. 


Yay 
8 
|_| 
s. d. 
12 g 5 
3 | 6 
10 3 

1 g 9 
9 
18 6 
| 8 2 4 
8 

9 1 
7 17 6 

4757 
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igi2 to 31sT DECEMBER, 1916. 


191 3. 


July. 


December t1oth. 


May 26th. 


[Q15. 
May 29th. 


IQ16. 


July 16th. 


December 31st. 


J 


Cr. 
3y Cheque Book 
Premium to Mr. Horace Darwin, F.R.S., 
for First Wilbur Wright Lecture 2t 0 
Investment by Purchase of £550 Canada 4% 
Stock, 1940-60. New at 962, including 
Bank Commission and Contract Stamp 531 10 
Premium to Dr. R. T. Glazebrook for Second 
Wilbur Wright Memorial Lecture 21. 6 
Premium to Professor G. H. Bryan for Third 
Wilbur Wright Memorial Lecture 2h oO 
Premium to Mr. Griffith Brewer for Fourth 
Wilbur Wright Memorial Lecture Bi» 20 
Balance at Bank 141 19 
4757 14 


by us from the Books and Vouchers of the Fund. 


co 


WRIGHT, WAKE, PRICE & CO., 
Chartered 


Accountants. 


d. 
9 
oO 
O 
oO 
8 
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THE TEACHING OF FLYING. 


LECTURE DELIVERED BY BRIGADIER-GENERAL BRANCKER BEFORE THE AERONAUTICAL 


SOCIETY ON JANUARY 24TH. 


The First Meeting of the Fifty-Second Session of the \éronautical Sovicty of 
Great Britain was held at the Institution of Civil Engineers, Great George Street, 
Westminster, S.W., on Wednesday, 24th January, 1917. Commodore G. M. 
Paine, R.N., Fifth Sea Lord of the Admiralty, presided over a large and distin- 
guished audience. 

Major-General Ruck, C.B. (the Chairman of the Society), in introducing 
Commodore Paine as chairman of the meeting, said :— 

3efore calling upon Commodore Paine to act as chairman during General 
Brancker’s lecture, I take advantage of this, the first opportunity the Aéronautical 
Society have had of holding a general meeting for a considerable time, to give a 
short account of recent progress made in the affairs of the Socicty. 

In the early stages of the war, owing to the necessity for very strict secrecy, 
and to the fact that all those chiefly interested in the science of aeronautics were 
otherwise engaged, it was not found possible to continue the normal activities of 
the Society, but in the opinion of the Council the time has now arrived when this 
can be done with advantage to all concerned, hence this lecture to-night, which 
is the first of a useful and interesting series of lectures which it is proposed to give 
on each alternate Wednesday for some months to come, the subjects being selected 
with the approval of the naval and military authorities. The programme of these 
lectures will be published shortly and the place of meeting will be the Lecture 
Theatre of the Society of Arts, John Street, Adelphi. 

Some few months ago the British aircraft manufacturers associated them- 
selves together to form the S.B.A.C., which now includes, nearly if not quite all, 
the firms engaged in the construction of aircraft. 

In accordance with the spirit of the times and with the tendency of modern 
experience to associate science more intimately with manufacture, a series of joint 
meetings were held of the Council of the Aéronautical Society and of the Council 
of the S.B.A.C., with the ultimate result of an agreement being drawn up defining 
exactly the spheres of the two Societies, 2nd establishing a Standing Joint Com- 
mittee to advise in all matters where their mutual interests were concerned. Some 
reference to this matter has appeared recently in the aeronautical Press, and it 
is of special interest as being perhaps the first occasion when a scientific society 
and a society of manufacturers have associated themselves together in this manner. 
The Council consider that this departure will be of great advantage in the develop- 
ment of aeronautics generally as well as of special benefit to the two Societies 
concerned. 


There has already been a satisfactory increase of membership due to this 
association and this the Council expect to be largely augmented in the near future. 


This association will also help in the formation of local centres of the Society 
and Students’ Sections, which have been one of the objects of the Council for 
several years past and are now being taken in hand. 


I regret to announce the resignation of Mr. Cooper from the secretaryship 
of the Society, but he has been called away for other duties. Mr. Cooper has been 
for some years Secretary of the Society and has aided greatly in its satisfactory 
development and present financial position. He has been succeeded by Mr. 
Faraday. The satisfactory financial aspect is also due in large measure to the 
assistance received from the War Office, both War Office and Admiralty having 
always done their utmost to promote the interests of the Society. 


~ 4 
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Due to these causes the Council are considering the question of :emoval of 
the Society’s offices to larger premises in a more convenient neighbourhood and 
several sets of rooms have been visited by a sub-committee appointed for this 
purpose. The move will probably take place in the course of the next two months. 

We also hope shortly to increase largely our lady membership and we hope 
to receive much support in this direction. 

One lady, Lady Drogheda, has shown to-day what can be done to further 
aeronautical progress, and I should strongly advise anyone who has not aireaay 
visited the Grosvenor Gallery to go there at once and examine the extraordinarily 
interesting collection of pictures, prints, relics, models, etc., which Lady Drogheda 
has collected together with amazing energy, skill and taste. 

Altogether I think we are justified in saving that this Society is making very 
satisfactory progress, and with the assistance of Government bodies and other 
aeronautical associations we shall presently develop out of all knowledge in the 
near future. 

Commodore Paint, R.N., on taking the chair, briefly introduced Brigadier- 
General Brancker, R.A., Director of Air Organisation. 

General BRANCKER said: 

Ladies and Gentlemen, 

I am much honoured at being asked to speak at the first meeting of this 
Society since the war started. 

I must begin with an apology for venturing to appear before vou to-night 
with a very ill-prepared lecture. Work has been strenuous lately, and I really 
have not had time to think the subject out seriously. 

The title of my lecture does not exactly describe what 1 am going to speak 
about. I am going to say very little about the actual teaching of fiving; there 
are plenty of experts in that direction here, and 1 have never taught anyone to fly 
in my life; my lecture should really have been called ‘‘ Training in Military 
Aviation.”’ 

The question of training in aviation is, however, very controversial, and I 
hope that the many gentlemen here, with opinions of their own, will help me 
out at the end of the lecture by airing these opinions and freely criticising any- 
thing I say with which they do not agree. I hope to hear the Naval views, the 
ideas of the newly-fledged pilot and pupil under instruction, and the opinions of 
designers and constructors. Altholfgh I have had a great deal to do with the 
training of pilots since I started work in the Royal Flying Corps, I do not feel 
very well qualified to speak on the subject, as most of my experience has been 
on the administration side and not in actual teaching, but I have the advantage 
of being able to go round visiting aerodromes and hearing a vast number of con- 
flicting opinions, so that in spite of all I have seen and heard since I started work 
in the R.F.C., I still feel very ignorant on the subject, and have come to only two 
very definite conclusions. One was that we had a very great deal to learn stiil 
regarding the best methods of training pilots, and the other was that it was almost 
impossible to make any two experienced aviators agree on any one point in 
connection with aviation. 

Another interesting point is that the average pilot is intensely conservative 
and usually self-opinionated, and so thinks that the methods he is brought up to 
must be the best, and hates an innovation like poison. The training of all young 
animals has been a subject of great interest to me from my youth up, and the 
training of pilots is rendered still more interesting by the fact that a mistake may 
nean a bad smash or death. 

I think the best way to deal with the subject will be by describing to vou 
Sur system of training in the days before the war, and the development of this 
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system since the beginning of the war up to the present time. I will then discuss 
the various accessories necessary for the training of pilots, such as aerodromes, 
instructors, and equipment. After this I will talk of the various methods adopted, 
and of possible improvements, and wind up by asking some of those present to 
add their quota. 

The first diagram represents the organisation for training which existed at the 
beginning of the war. Both Services depended almost entirely on the Central 
Flying School for the training of their pilots. 

In the Army, as a rule, officers who wished to join the R.F.C. were called 
on to take the Aero Club’s certificate at their own expense before being accepted. 
This certificate demanded a very low standard of efficiency, with the result that 
it was not of very much practical value, and many instructors at the C.F 
preferred pupils who had not been instructed at a private school before. This 
was not altogether the fault of the private sc:ool, but rather because the gratuity 
which Government allowed an officer, who was accepted for the R.F.C. and had 
taken his ticket at his own expense, was not sufficiently large to ensure any very 
thorough training, and the standard demanded by the certificate was so low that 
pupils often qualified after about two hours in the air. 

You will remember how one notorious politician obtained his ‘* ticket ”’ 
between daybreak and midday one fine summer's day. 

The C.F.S., on the other hand, probably provided better instruction in 
aviation than any other similar ‘nstitution in the world. The course lasted for 
three months, but it was always recognised that for really satisfactory results this 
period should be extended to about six. 


This was never possible, however, as the size of the school was governed 
by the money available and itself governed the output of pilots, and the output 
of pilots, even in peace, from this establishment was not equal to the demands of 
the two Services. During peace aviation was such a novel proposition that most 
of the training took the form of flying pure and simple. Military subjects were 
taught to some extent on the ground, but in the air, as was only natural, the art 
of handling the machine, of landing it, and of finding the way across country was 
all that mattered. In those days bomb dropping, photography, wireless, and 
fighting in the air were scarcely mentioned. The school was divided up into 
several Flights and the training was progressive through these Flights. Almost 
all pupils started in the Maurice Farman Flight with a period of dual control 
instruction. They then had a spell of solo work on the Maurice Farman, including 
a few short cross country flights. From that they were moved to one of the 
advanced Flights and were given dual contro] instruction either on Avros or B.E. 
2’s :nd so on to solo on either one of these types. A particularly promising pupil 
usually had the opportunity of flying two or three other types of machines before 
he left the school. The final test was a cross country flight, at which a height of 
about 3,000 feet had to be reached, and a spiral landing with engine stopped at 
its conclusion. Reconnaissance height in those days was considered to be 3,500 
to 4,000 feet, and it was only the exceptional pupil that reached anything higher. 
To sum up, the art of flying was taught as well as it possibly could be, whereas 
the military side of aviation, as it is understood to-day, was not really included. 
The school not being large enough to fill the requirements of both Services, a 
certain proportion of officers who had taken their tickets were sent direct to 
Squadrons for training in the early stages. 


On the declaration of war all available resources were sent straight into 
the field, and the only unit left intact, so far as the Army was concerned, was 
the C.F.S., and even that was severely denuded both of instructors and of aero- 
planes, which were taken to bring the Service Squadrons up to their fighting 
strength. Then came a very lean period in England, during which very few pilots 
were produced, for the simple reason that neither sufficient instructional aero- 
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planes or instructors were available. It became necessary to formulate some sort 
of policy. It was obvious that if the war went on for any time we should want 
a great many more Squadrons in the field, and the output of the C.I°.S. in pilots 
could not possibly be sufficient for the replacement of wastage of the Squadrons 
already in the field and the formation of the new ones. New Squadrons were 
therefore started at all existing stations as officers and material became available, 
and the question arose as to whether these existing stations should be extended 
to take a considerably larger number of Squadrons in the future or whether new 
stations should be started in various parts of England. The latter policy was 
decided on for two reasons. — First, it seemed likely that the best and most 
economical number of pupils, given unlimited aeroplanes, which cota be trained 
on one aerodrome, without undue delay and congestion, would be about 60. The 
number of pupils it was thought that one Reserve Squadron could properly train 
averaged between 20 and 30, and it was therefore considered that the ideal station 
should accommodate from two to three Squadrons, either Reserve or Service. 
The second reason was that it seemed a pity to have all one’s eggs in the same 
basket. The wonderful English climate varies enormously in different parts of 
this comparatively small country, with the result that whilst the weather was 
hopeless in London, the Midlands might be perfect, Yorkshire might be impossi- 
ble whilst flying was in full progress in Scotland; it therefore seemed sound to 
scatter these aerodromes as much as possible. An additional advantage of this 
scattered disposition was that the new aerodromes would form halting places 
for new machines being brought down from the contractors, and that this system 
would also ensure, so far as was possible, that all parts of the new army training 
in England would see and have some knowledge of aviation. The disadvantages 
of this system were that the available talent in instructors was scattered instead 
of concentrated, and probably more instructors were required for a given number 
of pupils. 

After two or three months of war the system was as follows :—The Central 
Flying School was turning out pilots who were usually absorbed in replacing 
casualties abroad. There were a certain number of Reserve Squadrons at different 
stations in England from which Service Squadrons were built up and broken off 
as they were completed. 

Generally speaking, the Reserve Squadrons carried out the preliminary 
training of pupils on Maurice Farmans only; these pupils as they qualified were 
sent on either to the C.F.S. or to a Service Squadron, where they completed their 
training. At first the C.F.S. was equal to the demands made on it by the 
Expeditionary Force to replace wastage, but as the wastage increased new Service 
Squadrons at home also had to produce their quota of trained pilots for the 
Expeditionary Force. The progress of these new Squadrons was _ therefore 
governed by two factors. First, the output of material on which to train their 
pilots; and secondly, the rate at which some portion of their trained pilots was 
taken away to replace wastage in the field, and eventually as resources became 
available we had to start Reserve Squadrons to carry out advanced training as 
well as preliminary. At this period our two great difficulties were :—(1) A shortage 
of competent instructors; (2) scarcity of aeroplanes and engines; and we had a 
very hard struggle to make both ends meet during the winter of 1914-1915, after 
which matters began to very slowly improve. At the same time the experience 
of war taught us that a pilot required many qualifications besides those of flying 
pure and simple. First, wireless, photography and bomb dropping all came into 
vogue and demanded extra training. A little later, fighting in the air started and 
this involved instruction in aerial gymnastics and the use of machine guns. In 
the latter half of 1915 fighting in the air became a really serious proposition and 
consequently the wastage grew much larger, so much so, that during the winter 
of 1915-1916 the training of pilots had to be considerably forced and hastened in 
order to keep up with the demands, and the output of new Squadrons had to be 
considerably delayed in order to get training on to a more thorouch basis. 


\ 
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I do not think anyone will ever realise how much Lord Kitchener did for 
aviation in the early part of the war. Krom the very first he realised its enormous 
importance and its possibilities, and he was always urging me to push on, place 
more orders, and do more. He hardly realised the numerous difficulties we had 
to compete with at the beginning of the war owing to our unpreparedness in 
peace, and I well remember that when I was rejoicing over a very feeble output 
of partially-trained pilots he was telling me that they should be trained to fly in 
groups of 60 to 100 with a view to bombing Essen. I remember one day how he 
explained to me his ideas of how it should be done and what formations should 
be adopted. Of ccurse, at that time, although I absolutely believed in his ideas, 
I had to be obstructive, simply because neither men or material were available 
and the Expeditionary Force wanted everything we could give them. More than 
a year later I was temporarily commanding the Flying Corps in Fra ~vhen 
Lord Kitchener came and visited St. Omer Aerodrome. Just as he ¢ it of 
his car about 12 aeroplanes in beautiful formation flew over his head. Ihe s viled 
and turned to me, saving, ‘‘ There you are! I told you to do that a vear ago, 
and you said it couldn’t be done.”’ The Royal Flying Corps owes a very great 
deal to Lord Kitchener for the assistance he gave in every possible way at the 
beginning of the war. 

Now I will take the career of a civilian who wishes to join the R.F.C. now. 
He first has to join the Service as a cadet and go through a course in the Cadets’ 
School, at which military subjects, pure and simple, are taught. He gets a 
grounding of drill and discipline, care of arms, interior economy, military law, 
and the use of the machine gun. This course lasts about two months. From 
this the cadet is sent to a Flying Corps Training School, where he begins his 
technical training on the ground. 

He goes through a course in the care of engines and rigging. He is given 
some ideas on the theory of flight. He is taught wireless signalling and receiving. 
He gets instruction in the care of machine guns, in the use of the camera, in map 
reading, in the observation of artillery fire with models, and in his spare moments 
he gets a certain amount of drill. This course lasts another two months, and if 
he gets through this successfully he is given a commission on the General List. 
He then joins a preliminary training squadron as a pupil and starts his instruction 
usually on the Maurice Farman, his training both in military and technical sub- 
jects going on concurrently. After reaching a certain standard of efficiency and 
having completed a certain number of hours in the air, he is sent on to an advanced 
Training Squadron or Service Squadron, where he learns to fly Service 
types of machines for military purposes and eventually qualifies for his wings. He 
is then gazetted as a Flying Officer of the R.F.C. and posted to a Service 
Squadron. If he shows exceptional promise as a pilot after his qualification he 
is sent to the C.F.S., where he is given extra higher instruction on fighting 
scouts. During the period of advanced training, he goes through a course of 
aerial gunnery away from his squadron. The total time in the air usually re- 
quired to reach the qualification stage is about 30 hours solo in present circum- 
stances, but of course the length of time that it takes to reach this standard 
depends entirely on the weather and the number of aeroplanes available. During 
the winter it works out to about four months, but in the summer it is considerably 
shorter. 

The way in which war has foreed a higher standard on us is remarkable. 
Only two and a half years ago, a pilot who flew across country at 3,500 feet and 
landed without breaking anything was considered to be quite useful. Now the 
expert pilot has to be prepared to fly at the greatest height his machine will reach, 
which is sometimes about 17,000 feet, has to dive and loop and side-slip to enable 
him to be an efficient fighter, and has to have considerable experience in photo- 
graphy from the air, in the observation of artillery fire and the transmission of 
the results by wireless to the ground, and in the use of the machine gun. 
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In addition, he must be an expert bomb dropper, which needs considerable 
practice and experience, and finally in bombing raids, long reconnaissances, and 
in fighting patrols, it is necessary for aeroplanes to fly in a fixed formation in 
numbers anything from 2 up to 20, an operation demanding a great deal of skill 
and experience in the pilot. 

There is only one point which has simplified training during the past two 
and a half years; the modern designed aeroplane and the latest engine makes 
flying pure and simple, much easier than it used to be. Aeroplanes are usually 
comparatively stable and engines have a considerable reserve of power and are 
far more reliable than in the old days, and these two factors have helped a good 
deal in the training of pilots. 

To sum up, before the war flying was comparatively difficult, and was the 
chief factor in the pilot’s training, military qualifications being considered of quite 
secondary importance. Now, flying up to a certain standard is extraordinarily 
easy, but the standard of military qualifications required is getting higher and 
higher and more difficult to attain, and at the same time the quality of flying 
demanded is growing greater every day. So our task at home grows harder. 

Now I will just consider the requirements of training on a large scale. 
First, aerodromes. There is no such thing as a perfect aerodrome and even a 
possible one is very difficult to find in England without either interfering with 
somebody else’s rights or involving an enormous amount of labour and consequent 
waste of time. Climatic conditions and a sound soil are the two most important 
factors when selecting an aerodrome. In England, however, climatic conditions 
are so varied and unreliable that one can hardly say what part of England is best. 


My experience is that individuals carry their climate with them. The 
pessimist finds every station impossible from the climatic point of view, whereas 
the optimist is always full of its praise. 

Curiously enough, I believe that our farthest north station has probably 
been favoured with better weather, on the whole, than any other. So in this 
country a sound soil is probably the most important factor. After that, if the 
aerodrome is not a very big one, open ground in its immediate neighbourhood is 
of great importance, so that a pupil whose engine fails just as he is leaving the 
aerodrome does not have to turn to land, but can go straight ahead and land 
outside. Road communications are also important, particularly at present; if a 
good aerodrome is selected at some distance from a good road, a very considerable 
period of time is expended at first in making a road to the aerodrome before the 
buildings can be fairly started. A debatable point is always how many pupils 
or how many aeroplanes can be effectively and safely trained and used at one 
aerodrome. We have generally assumed that the ideal number was about 60 
pupils, and that for 60 pupils, including machines under repair and in reserve, 
we wanted about 60 aeroplanes, but of late bigger stations have been organised 
although I have no statistics to prove which is the better and most economical 
system. There is only a certain amount of room in the air and every one ought 
to be out in fine weather. An aerodrome, if possible, should be large enough 
to provide straights of about one mile in length in several directions. The use 
of these straights accelerates the first stages of preliminary training very greatly, 
but they are not absolutely necessary, and in a good many of our aerodromes at 
home no straight exists. 

The question of instructors has been a very difficult one from the start of 
the war. I suppose only about 10 per cent. of our flying officers are really good 
instructors, if as many, but by sheer force of circumstances, except in a few cases, 
we have been forced to employ practically every flight commander and flying 
officer who happened to be in England as an instructor at one time or other. I 
have often had qualms on the subject, but the results have really been better than 
I expected originally, and I do not see how we could have progressed as rapidly 
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as we have if we had used only selected officers for instructors from the start. 
Instructors have many and various methods, and although it has been suggested 
that definite orders should be issued as to how pupils should be taught to fly, I 
have never been able to bring myself to issue such an order for fear of hampering 
initiative. The qualities required in an instructor are almost precisely the same 
as the qualities required in a man whose business it is to break in young horses— 
infinite patience, great sympathy, good hands and a clear steady head. Instruc- 
tion in aviation is distinctly trying to the nerves, and my experience is that an 
instructor cannot be expected to go on for ever. Not only is flving dual control 
with unknown pupils a test on the instructor’s courage—terrified pupils’ iron grip 
—but the mental strain of watching endless pupils take their first solo flight, or 
waiting for them to get back from their first two or three cross country trips is 
It is also hard to convince the good instructor that he is 


very considerable. 
Another factor now is the high 


doing more useful work at home than in France. 
standard of military training required, and this to the ordinary human being is 
almost harder to teach than aviation. The pupil is less keen and the instruction 
needs more brains. To obviate this trouble, we have, as I have shown vou, two 
schools of military aeronautics, with a staff of specialists, which carry out as much 
of the instruction on the ground as possible, and a school of aerial gunnery and 
a school for observers, which specialise in these two subjects. 

The next point which affects requirements of training is the provision of 
aeroplanes and engines. Here again controversy is eternally raging as to the 
best types to employ. Before the war, the general idea was that a beginner 
should be taught on the box kite, and this idea has lasted, inasmuch that to-day 
nearly all our pupils start their instruction on a Maurice Farman. Personally, 
I have been opposed to this system, but I may be wrong and have given way to 
the majority, and I think from the instructor’s point of view the Maurice Farman 
is a very nice safe machine on which to get the pupil through his first experience 
of dual control in the air, although in the actual movements necessary for con- 
trolling the machine it is different to almost any other machine in the Service. 
The 80 Gnome Avro has, beyond the Maurice Farman, been our standby in 
advanced training and is a thoroughly good machine for this purpose, light in 
handling, comparatively sensitive and not too difficult to fly. For some time 
pupils were successfully started on 80 Avros, but when Maurice Farmans are 
available in sufficient quantities the consensus of opinion has been that it was 
better to stick to that machine for preliminary training. Now, however, we have 
a new type, the first of which has just flown, which I hope will eventually eliminate 
the box kite type of training machine altogether. Another point on which much 
argument arises is the use of stable machines for training. When stable machines 
first came in, all the old conservative pilots shook their heads sadly and said that 
you could never make a good pilot on a stable machine; that idea has died, but 
there are still many instructors who insist that to make a good pilot he must first 
be trained on an unstable machine before being allowed to go on a stable one, to 
make him careful, but after all lunding is the great thing and stable machines are 
just as hard to land as unstable. Personally, I am not at all sure that this is 
correct, and I believe that a pilot trained on stable machines from the start, after 
he has had about 30 hours’ air experience, will be so confident and have such a 
good idea of what a machine ought to do in the air, that he will fly an unstable 
machine without even realising its instability, that is to say, of course, if he has 
been properly taught. So far as engines go, it is only natural through the 
demands of war, that we have been forced to use our obsolete engines for training 
purposes. As a matter of fact, these obsolete engines are just what are not 
required for training purposes, because being of an early type they are more liable 
to failure than the modern types, and engine failure is just what one wants to 
avoid in training. The output of the trade, however, has precluded the manufac- 
ture in numbers of a special training engine. But now that the obsolescent 
engines are of newer types, this difficulty will tend to disappear. 
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Now to turn to the actual process of training. I will consider it under two 
heads, technical training both on the ground and in the air, and military training 
both on the ground and in the air. The first portion of technical training is the 
care of engines, rigging of aeroplanes, the use of the compass, the use of instru- 
ments and other such details. This is carried out at the two schools of military 
aeronautics ; engines are taken down and erected and are run, samples of as many 
types as possible being provided to give the pupil wide experience. The same 
applies regarding the rigging and erection of aeroplanes, and pupils are made 
thoroughly conversant with the use of all the instruments. Thus, a pupil before 
he actually learns to fly really has some knowledge of his engine, his machine and 
its instruments. He then goes on to preliminary and advanced training squadrons 
and continues to learn the enormous amount there is to learn on these heads by 
practical experience both in the air and in the squadron shops. 

Now by technical training in the air | mean instruction in fiving pure and 
simple without any direct reference to its military uses. The best method of 
teaching flying is probably the most controversial point I shall touch on this 
cvening ; opinions differ enormously, and I am not going into a long dissertation 
on the subject, as I hope that some of you here will give us the benefit of vour 
views at the end of the lecture. During peace a good many pilots learned to fy 
by the light of nature. They were just put into a machine and made to taxi about 
on the ground until they knew the controls, and then pushed off into the air and 
left to take their chance-—a thrilling moment both for themselves and. their 
instructors. Now I think it is fairly well established that dual control is an 
absolute necessity. It gets the pupil into proper habits in the carly stages of his 
training, and this he cannot really dispense with unless he is a heaven-born genius 
who takes to the air as a duck does to water, and there are certainly some men 
who seem to require no training at all. 

The most difficult part of flving is Janding. Once off the ground and above 
any neighbouring obstacles, flying is easy unless the engine gives out, or you 
meet very bad weather. The whole difficulty is to land safely. The most critical 
moment of a pupil’s education is his first solo fleht. | know one of my teachers 
always said that no one ever saw anything: at all during his first two hours alone 
in the air. This was not quite true, but the feeling that vou are up alone for th 
first time and have got to come down again is most alarming, and I’ve known 
cases where pupils have simply looked straight to their front and flown for many 
miles in a dead straight line until their petrol was finished and they liad to land! — 

The stercotvped method of starting instruction is on a Maurice Farman, 
with dual control, up and down “* straights,”’ gradually giving the pupil mors 
and more control until he lands properly. In fact nearly the whole art of flying 
lies in landing, and a man who lands well under any conditions, will certainly be 
able to do anything else in the air well on his own, givea a sound nerve. \fier 
the first few solos on an easy type of machine, the pupil usually returns to dual 
control on a faster and more efficient machine—after many and wearisome circuits 
and landing with dual control, he is sent off on his first cross country flight, 
another really thrilling experience. Before being allowed to do this, however, a 
pupil should be able to land within a marked chalk circle sen his engine stopped 
from any height, and to have practised landing slowly over obstacles. 

During this period of training one cf the great fee of contention used 
to be the advisability of training a pupil to fly by means of his instruments as 
opposed to balance. Instruments used to be unreliable. Instruments of late have 
become more and more reliable, and, person: lly, Lam the greatest believer in using 
them for training. After a little experience with instruments, as a guide, any 
intelligent man will find himself working without them instinctively and they will 
have tided him over many dangers in the early stages 

I have already talked about stability, and I think the day will come when 
an unstable machine will be looked upon as impossible. Another very interesting 
point is the value of air experience as a passenger before learning to fly. I did 
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a good deal of flying as a passenger before I learned to fly, and I must say my 
own impression was that this air experience was invaluable. 1 am sure I learned 
far quicker in consequence of knowing exactly what was going to happen and 
exactly what cross country flying was like. Our Chairman, however, always 
says I am one of the worst pilots he has ever seen, so he will not agree. I used 
always to be of opinion that a large amount of passenger flying would almost 
teach a man to fly before he was asked to touch the controls at all, but I have 
been somewhat disappointed in actual results. We get a good number of ob- 
servers home from France for instruction in flying and many of these have 150 
to 200 hours air experience. They certainly do learn quicker than the man without 
air experience as a rule, but the difference between them and their less experi- 
enced comrades is much less marked than I had expected. Why, I am still at a 
loss to understand, but certainly experience seems to prove that four or five hours’ 
experience as a passenger is advisable and will probably hasten a pupil's progress 
in the early stages, but that any time beyond this is really not of much value. 
I tried two observers from France—one success; one tail-slide. 

Well, once the ice is broken by the first few cross-country flights, progress 
becomes rapid, and the pupil soon begins to really handle his machine in the air, 
and to practise real aerial gymnastics, such as steep spirals, loops, tail-slides, 
and so on. Then slowly the air habit begins to grow on the man, if he is ever 
going to be any good, and experience—and nothing else—makes it possible to land 
almost anywhere in a bad country with the engine stopped dead, and to drop 
down faultlessly on to a strange landing place without any indication of the wind 
on the slope of the ground, and to manoeuvre round and over storms, and find 
your way regardless of weather. As the pupil goes on, the best form of training 
is to force him to fly in really bad weather. There is nothing which gives so 
much confidence as a successful bout with a nasty day. Weather has extra- 
ordinarily little real effect on flying so long as it is sufficiently clear to see; fog 
and very heavy rain are the two really undefeatable factors in aviation. The war 
has taught us to laugh at weather. It is only four years ago that ‘‘ bumps ”’ 
were looked upon with the deepest reverence and respect, and there were certain 
crossings over the rivers and hills around Salisbury Plain which were usually 
avoided except by the boldest. To-day, however, no one ever thinks of them, 
and yet almost exactly the same machines are being used for preliminary training, 
as were being used then. It is a very good example of the wonderful growth of 
confidence in the last few years, which has done much to push on the progress 
of aviation. 

On the whole, flying itself is so easy that pupils suffer from over-confidence. 
Careful teaching is essential and very careful instructions as to the best method 
of meeting any emergency, such as a spin or a nose-dive, and it is only quite 
lately that we have had any authoritative statements as to how to compete with 
these situations, and even now there are probably people who differ as to the best 
course to follow if you find yourself nose-diving out of a cloud. 

Anyway, the actual assimilation of the art of flying—or the air habit—is 
largely a matter of air experience, and given nerves and health and common 
sense, there are very few Englishmen who won’t make good pilots so long as 
they have sufficient experience. 

A very debatable point in the actual training in flying is whether reserve 
squadrons should train pupils all through, i.c., from the very start up to the time 
they get their wings, or whether, as is the system at present, they do preliminary 
training with one reserve squadron and go on to higher training in another. 
There are certain arguments for and against both systems, but we have adopted 
the second. The greatest argument in favour of the first system is that the one 
instructor can take a pupil and really get to know him and follow him right 
through his training, but practically preliminary training takes a shorter time 
than advanced training and the system of military training is simplified by 
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separating preliminary flying training from the advanced flying training. One 
great advantage of placing preliminary training and advanced training in separate 
squadrons is that the squadrons can be homogeneous in equipment. So much for 
the technical training; it is fairly simple given a sound instructor and good 
weather. 


I have already explained the many military qualifications demanded from 
the modern pilot, and the military training on the ground, like the technical, is 
carried out at the schools of military aeronautics where the pupil gets a good 
grounding in the use and care of the machine gun, wireless, artillery observation, 
photography and bomb dropping, and this training he completes from practical 
experience when he gets on flying instruction. 


During his preliminary training in flying instruction his military training 
is still theoretical and on the ground, but in the advanced training squadrons he 
begins to fly in formations and to drop bombs or their equivalent at a target. He 
carries out practical artillery observation by means of powder puffs on the ground 
which represent the bursting of shells, and he is sent out across country to photo- 
graph various points in the neighbourhood, and until he has proved himself efh- 
cient in all these operations he cannot be a qualified pilot. Fighting in the air is 
also practised by various methods; two machines may be sent up to manceuvre 
against one another, both trying to attack, or the pupil is sent up whilst the 
instructor tries to attack him, or vice versa, or the instructor goes out and attacks 
a group of his pupils returning from a cross country flight, and so on. 

1 think I have made it fairly clear that training in aviation from the military 
point of view is getting more and more complicated, but I hope that I have also 
made it clear that actual flying from the practical point of view of getting from 
one place to another has become very easy and comparatively safe, and that 
therefore in peace everyone who can should take it up as a means of travel and 
a means of recreation. The great factor against aviation for such purposes is our 
uncertain climate, but with experience and with reliable engines it is possible to fly 
n almost any weather short of a thick fog, a hurricane, or a violent thunder- 
storm. <All these can be avoided by skill in navigation and a certain amount of 
weather wisdom. 

I am always racking my brains for possible improvements in our system 
of training and perhaps to-night I shall get some ideas. The only improvements 
I can think of at the moment are better qualified instructors and more of them, 
more reliable engines, and slower and more deliberate training, possibly including 
handling of the controls in an apparatus on the ground which will respond in 
much the same way as an aeroplane would in the air, but all these improvements 
are impossible to any extent during the stress of war, because the supply is for 
ever trying to catch up the demand and the demand is for ever increasing both 
in numbers and quality. Sir Douglas Haig needs a certain fixed number of 
squadrons and we must produce them or try to. In peace we cut our coat 
according to our cloth. 


The next point of interest to me is the actual study of the men who make 
the best pilots. The most unexpected people make good pilots and very often the 
most promising ones never attain more than mediocrity in the air, and for this 
reason it has always seemed to me undesirable to lay down a stereotyped process 
of training. Personally, I think that any sound man with sound nerves (and 
women, too, for that matter) can make a good useful pilot, but it is onlv the 
exceptional individual who will make the really brilliant fighting pilot. Even the 
unsound, for we have deaf people and people with wooden legs, are frequently 
very useful pilots. 

There is always a great controversy as to the best age for flying and as 
to the extreme age at which anybody can learn to fly. I think that there is no 
doubt that the best age to learn to fly is as young as possible, just as a bov 
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learns to ride, but during war this is impossible as the pupils would be too young 
to fight. We take a few below the age of 18 now, but generally speaking, 18 is 
rather young for the great strain of active service and I prefer the man of 20 to 
25. When you come to the older category, I think everything depends on the 
life which the individual has led. A man of between 35 and 40 who has lived a 
hard life and is a good horseman will probably turn into a good pilot quicker 
than the man of from 25 to 30 who has spent his life in an office or doing nothing, 
but as a rule the older man will not stand the strain of active service fighting as 
long as the young man. The quality of horsemanship is quite a useful one in any 
would-be pilot. The requirements are just the same, good hands, a good head, 
steady nerves and judgment. Flying is perhaps a little easier than riding because 
you sit in a comfortable armchair in a quiet machine instead of on a slippery 
saddle on a very lively horse. Generally speaking, I think it is only youth that 
makes it possible to become a really star pilot who can do almost anything in the 
air without loss of nerve. Probably the young man of 18 to 25 makes the best 
fighting pilot, whereas the older man will do best on long reconnaissance and 
artillery work,where less dash and more experience and endurance are required. 

One of our problems in the Flying Corps is that there is a dangerous age, 
during which a man is considered too old to fly and is probably too young to 
command. 

Very much depends on the character and temperament of each man, and the 
ideal in training would be to teach almost every pupil somewhat differently, just 
as every voung horse wants somewhat different handling to get the best results. 
The bold require holding back and the timid require pushing on. The fast 
learners want careful watching and the slow learners need infinite patience; so 
good pilots are produced 


far as my experience goes almost an equal number of 
from each of these categories. 
A point of interest in this connection is the relative status of pilot anc 
\ t t thi nnecti ti lat tat f pilot and 
passenger, flying officer and observer. The Germans and ourselves are quite 
lave a certain number of officer pilots, but a gov 
l “{ b f officer pilots, but good 


different. The Germans 
many N.C.O.’s. Their observers are all officers and are supposed to take charge 


when in the air. As a rule, I think their observers very seldom become trained 


pilots. 

In the Roval Flying Corps almost all pilots are officers—and the N.C.Q.’s 
very soon get commissions if they do well—and the observers, although officers 
as a rule, are absolutely under the control of the pilot. Our observers after a 
certain period of successful work in that capacity are allowed to learn to fly, and 
Two completely opposite theories, of which I 


usually make very good pilots. 
! think there are certainly cases where 


think ours has proved to be the best. 
German N.C.O. pilots have shown cowardice and the officer observer has been 
unable to control them. Anyway, we go on with our system, and it works well, 
its only drawback being that we lose our observers just as they are getting really 
experienced—but experience is often equivalent to tiredness and caution. 


Another point of interest is the danger connected with training in flying. 
During peace the first consideration was to avoid accidents, which roused foolish 
questions in the House and in consequence delayed progress and wasted everyone’s 
time. Since the war started, we have got away from that sort of nonsense with 
the result that we take far greater risks than we used. In spite of this, the 
percentage of accidents has not really risen appreciably very much. A good many 
deaths are reported in the paper and frighten a certain number of people,. but 
when you compare the number of deaths with the very large number of pupils in 
training and the very large number of hours in the air accomplished every day, 
the price is not great, and in the present stage of aviation the fact must be 
fearlessly accepted that no progress can be made without a certain cost in human 
life. When we return to peace conditions, the ruling consideration will be the 
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safety of the pupil, as practically all the other factors which govern us now will 
have vanished. We shall then be able to keep a man under training for a far 
longer period and take him much more slowly in the early stages, give him more 
instruction on the ground by means of various mechanical devices, and in fact 
render him almost immune from the ordinary accident. There is one very satis- 
factory feature in looking back through the accidents which have occurred since 
the beginning of the war in training—-there have been extraordinarily few cases 
of breakage in the air, which speaks very well for British construction and inspec- 
tion. The most common type of accident is engine failure, followed by an effort 
to turn sharply into a possible Janding place and losing speed on the turn, which 
results in a nose-dive and serious smash. Even good and experienced pilots are 
prone to do this, and to me the only cure appears to be the avoidance of engine 
failure. This will assuredly come in peace, when we can devote more energy 
towards real reliability in the engine instead of extreme lightness and exaggerated 
performances. 
I. 
TRAINING ORGANISATION IN PEACE. 
Various sources with no 


training. 


Private Schools. 


Central Flying School. 


Service Squadrons. Reserve. 


PRESENT TRAINING ORGANISATION. 


Civilians, N.C.O.’s and 


men recommended for Commissioned 
Observers from Commissions. anks in Army at 
France. Cadet Wing. Home and Abroad. 


Praining Schools. 

Reserve Squadrons 

(preliminary training). 


| * Reserve Squadrons 
(advanced training). 
Central Flying Schools. 


* Service Squadrons. 


Service Squadrons. 


* Includes a course at the Aerial Gunnery School. 


Well, gentlemen, I think I have talked enough. There are several points 
I want to hear your views on :— 
Methods of training. 
Size of aerodromes. 
The value of the © ‘rice Farman. 
Stable and unstable machines. 
The division of preliminary from advanced training in flying. 
Age and youth. 


/ 
| 
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As an officer who has been responsible for training in the War Office now 
for four years, I feel that I have been wonderfully lucky in having the finest 
material in the world to work on, both for instructors and pupils. The English- 
man may be conservative, but he is certainly the finest pilot in the world; the 
value of all the old British characteristics which made us masters of the sea 
is intensified in the air, and they will make us masters of the air yet, in spite of 
our politics and our system of government, and all the many obstructions to 
progress which will assuredly spring up as soon as peace is declared. War has 
been the making of British aviation and we must look to it that we preserve and 
develop the fruits of this war so far as aviation is concerned. 


DISCUSSION. 


Mr. CuarLes Bricut, F.R.S.E., said that the evidence they had heard during’ 
the recent Air Inquiry went to confirm General Brancker’s remark as to the 
varving views of experienced airmen, as also in regard to their natural conserva- 
tism. It was further quite clear that efficient instruction in flying, as in 
rowing and other arts, did not at all follow with experience or natural aptitude, 
but was on the contrary far more dependent on the instinctive talent for imparting 
knowledge in a clear way to others and largely resolved itself into pointing out 
the original causes of any defect. There secmed to be now a fair consensus of 
opinion in favour of dual control, and on the whole it would seem as though 
pusher machines had the balance of advantage over the tractor for teaching from. 


He (Mr. Bright) could well believe that, in the words of General Brancker, 
half the flying accidents that occurred nowadays were due to over-confidence. 
On this account he ventured to differ with the General in his preference for stable 
machines, even for instruction. Certainly the main burden of evidence at the 
Air Inquiry, whilst favouring stable machines for the various work required from 
an aeroplane at the Front, pointed to a more or less unstable machine for initial 
instruction purposes, lest the pupil should get into the habit, too much, of leaving 
everything to the machine and so learning but little how to fly for himself. 


Extra height and extra speed—as well as reliabilitv—seemed to be the main 
aims to be sought after in the aircraft of to-day so far as war purposes went. 

Mr. JuLLerot: I agree that the dual control teaching is the best and quickest. 
In the old-fashioned way, when I began, we were let loose alone without any 
instructions, which would mean an enormous waste of time and material to-day. 
The ideal machine would be a side-by-side type, as the instructor can then show, 
watch, and check all that his pupil does, and can talk and explain to him all that 
is necessary. I used, a few vears ago, a Bristol monoplane of that type, and had 
the best results out of it, although the machine, hastily built, could have been 
improved upon. 

I hope Generai Brancker will forgive me if I disagree with him with regard 
to the pusher type. The very old tvpe box kite will certainly disappear, as it is 
too inefficient, but I see no reason why the improved pusher types should all be 
put on the retired list. Although the actual tractor type has achieved a momentary 
superiority, I do feel that the pusher will be made just as efficient in the near 
future. It is obvious that such a type offers a better view for observation and a 
wider firing range for attacking. I do believe in a great future for the pusher. 
Actually for tuition this type is invaluable for the very early stages. They give 


¢ 
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a clear view to both pupil and tutor, and don’t blow their head off as does the 
tractor type. 

Now about instruments. I don’t think they should be used in the very 
beginning, at any rate not until the pupil has acquired all the ‘* reflexes ”” and 
can fly properly by ‘‘ feeling ’’ only. Besides instruments are not always reliable 
and the pupil may be upset by their fancy reading. He has such a lot to think of 
as it is. I flew seven years without instruments, but I confess they are a great 
help to pilots and are absolutely indispensable for night flying and cloudy weather. 


There has been a great controversy about the age limit for a beginner. This 
was on the occasion of the death of Major Hewitson, R.F.A. I ascribed his fatal 
accident to being too old at go. I still maintain it to-day. Youth is essential, 
the best war pilot is the young man, if possible unmarried or not engaged, and of 
good heart. He should not have too much imagination or technical knowledge. 
In our game ignorance is bliss. I am sorry to be so horrid for the men of 4o, 
but at that age they always have responsibilities, anxieties, or ties, all of which 
make a very bad baggage to carry in the air. About short-sightedness. I agree 
with General Brancker that it is not a very bad thing. At any rate, it prevents 
people seeing ‘‘ too much,’’ which is perhaps a blessing. 


Mr. Frep M. Green: The use of instruments in the instruction of pilots 
is a vexed question to which General Brancker referred; I: am_ strongly in 
agreement with General Brancker on the usefulness of instrumenis. The oppo- 
nents of instruments maintain that their liability to error is likely to be a source 
of danger to the pilot, and more particularly that air speed indicators are frequently 
unreliable. While agreeing that an unreliable air speed indicator is a source of 
danger, it is my experience that modern air speed indicators looked after with a 
certain amount of care are now reasonably reliable, and that if roughly checked 
by the instructing pilot, an instrument is never likely to be sufficiently inaccurate 
for its usefulness to be seriously impaired. There is another instrument, however, 
that is possibly more important than the air speed indicator, and this luckily is 
one of such simplicity that it is nearly impossible for it ever to get out of order. 
The instrument in question is a spirit level fixed across the body of the aeroplane. 
The value of the instrument is that when the bubble is in the middle of the scale 
the pilot knows that he is either flying straight ahead or is turning with the correct 
amount of bank, that is to say, he is not yawing, or side-slipping, as it is 
frequently called. Flying accidents are nearly always due to loss of speed or 
stalling,’’ but stalling when flying straight is of little danger compared with 
stalling and yawing at the same time. Without the use of the cross-level, or an 
equivalent instrument, the inexperienced pilot, and indeed many pilots of con- 
siderable experience, will be unable to make a turn with such a bank that the 
aeroplane is not vawing. If the yaw exceeds a certain amount, then the aeroplane 
tends to lose speed very rapidly and to get into the dangerous condition generally 
known as a spinning nose-dive. If the pilot under instruction keeps the bubble of 
the level in the middle, then the likelihood of stalling is much reduced and the 
danger if stalling occurs is also much less. 


Wing-Commander LoNGMoRE said that it did not make much difference 
whether the dual control was ‘‘ side by side ’’ or with the pilot behind, as he had 
found that in modern pushers it was possible to talk to the pupil from behind and 
also to bash him on the head if he hung on to the controls too tight. (Laughter.) 
He thought that for preliminary dual control work and for the first few hours of 
solo work the pusher would give better results than the tractor, as it gave the 
pilot time to get used to being in the air without the full blast of a tractor propeller 
playing on him, and also it was not so fast and allowed the pilot more time to 
think. The pupil trained on a pusher for a short time could then go to dual 
control tractor and then by themselves, and spend much time in the air in a 
moderately-powerful tractor before going on to a scout or active service machine 


f 
an 
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school, where they only use and fly latest types. He stated that seaplane 
instruction is very much the same as in an ordinary aeroplane. He agreed with 
M. Jullerot and Mr. Gordon England that it was better to teach pilots not to rely 
implicitly cn instruments, but to learn to fly by instinct. He quoted an instance 
of a speed indicator reading 15 m.p.h. out, which might have caused an 
inexperienced pilot to have ‘* stalled ’’ the machine. 

With reference to crowded aerodromes, he agreed with General Brancker, 
only he would put the number under instruction at 1oo. There were many 
narrow escapes on a misty or cloudy day with the clouds at 2,000 or 1,500 fect. 


Mr. H. SmHaw, R.N.V.R.: May I be permitted to add a few words to what 
has been said on instruments. I certainly agree with Wing Commander Long- 
more, that instruments are liable to become out of adjustment, and I have fre- 
quently noticed a considerable error in them which might prove dangerous to the 
beginner. No matter how well they may be cared for, one cannot be sure that 
they will keep in adjustment, for I have known cases of perfectly adjusted air 
speed indicators sticking after passing through a cloud. 


This uncertainty of the instruments certainly suggests that it would be 
advisable for the pupil to be taught without them, except perhaps a revolution 
indicator, which seldom gets out of order, and is more or less necessary to ihe 
pupil who does not know his engine well. By thus getting the ‘‘ feel’’ of the 
machine his flying will not be nearly so automatic, while he will also be more 
likely to fly a different machine better than the pupil who has been taught by 
instruments. 


With regard to the side by side dual control, it is certainly very good, and 
has produced some good results. Not only can the pupil feel the movements of 
the controls, but he can also see them, while any thought which the instructor 
wishes to convey to the pupil can be done by a sign of the hand. Conversation 
does not seem to be very easy even in this case, though in the days of the silent 
engine one may look forward to it. 


Lieutenant-Colonel C. N. WatreRLoW: There are certain aspects of aeroplane 
training in which assistance may be sought from lighter-than-air craft. As far 
as I know, the Army have made no use of such aids, but in the Naval Air Service 
they have been partially developed. The first use is in teaching map reading. 
Many young officers find it very difficult to read a map and find their exact posi- 
tion while in the air. Direct tuition in the air from an aeroplane is difficult because 
the instructor and pupil cannot converse easily and cannot look over the same 
map. Also necessarily the instructor can only take one pupil at a time. These 
difficulties can be all obviated in a free balloon. The instructor can then have 
a class of five or six pupils under ideal condition, continually passing over new 
country. A class for Royal Naval Air Service aeroplane observers have received 
tuition in this way for some time back, and the results have been very satisfactory. 
The second use is in observation of fire. General Brancker referred to the use of 
a scale model of trenches with electric lights fitted for the purpose of observation 
of fire training. I cannot help feeling that this could be advantageously extended 
by the use of the kite balloon. Kite balloon observers in the Roval Naval Air 
Service and possibly in the Royal Flying Corps are taught observation of fire 
under conditions resembling the actual thing as nearly as possible. They are 
actually in the air, a real target is given them, puffs are exploded in the neigh- 
bourhood of the target at irregular intervals and they have to telephone the result 
to the ground. It is possible that such a system of training would be of material 
value to the aeroplane observer. 


The third use is in connection with navigation. This is perhaps more 
especially applicable to naval aeroplane and seaplane pilots than to Army ones. 
The practice of navigation from an aeroplane is at the best of times by no means 
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easy ; the subject is not a popular one and the majority of young officers look upon 
it as a waste of time and prefer to trust to the casier method of finding their way 
about by the lay of the land. For anyone flying over the sea, it is, however, 
essential and it would not be difficult to cite cases when accidents and deaths have 
occurred both in the airship and aeroplane services due to the lack of navigation 
knowledge. 

The subject is a dry one to teach on the ground and almost impracticable to 
teach in the air in the confined space of an aeroplane. In the Naval Air Service 
it has been decided to teach this subject to airship pilots from a large old-pattern 
airship. This has immense advantages. Four or six officers can be taught simul- 
taneously, the various methods and processes can be actually demonstrated under 
real conditions and the pupils can be exercised in them under the eye of the 
instructor. 


Other uses of lighter-than-air craft for training may occur, but those given 
above are all undergoing actual trial, and promise well. 


Major Smitn Barry said he would like to endorse what M. Jullerot had said 
about dual control. He would like to see it carried out more fully and the pupil 
not being allowed to leave the ground until he had sat in the driver’s seat, then 
when in the air the only control that would be removed would be the moral effect. 
He thought that there would be an economy of machines brought about by this, 
as only one type of machine would be required, and he thought six hours on one 
type with this method of teaching would be sufficient. He also thought that there 
should be a school of instructors and specialists who did nothing else, paid rather 
more or less than other people, and that they should be judged by the number of 
smashes and be held responsible for them; there should be none of these except 
those due to engine failure. All should carry out the same views and teach in 
the same manner, and there would be more esprit de corps than exists at present. 
Teaching is now largely carried out by men home from France, resting and 
Waiting to go out again, and there was not the interest attached to the work that 
there should be, and this spirit was infused into those they taught. Where possi- 
ble, where there is a two-seater and a scout of the same design it would be a very 
good thing if the pupils could be trained on the two-seater before the scout. 


1 


Mr. A. V. Rok said he was in favour of the dual control machine, and he 
was of opinion that it was better for the flyer to be in front and the pupil behind, 
he could then watch the movements of the instructor with great case. 


Mr. Gordon ENGLAND agreed with M. Jullerot that the side-by-side machine 
had very great possibilities. He had used one some vears ago and he had found 
it almost possible to speak to the pupil while in the air, and with some types of 
people who forgot everything they had been told to do on the ground this was of 
enormous advantage. He would like to be able to cut out and restore the control 
at will, but that at present all forms of control were complicated and unreliable. 
He thought it was bad for pupils to have instruments and that it was better to 
learn to fly on sense alone and not to bother about speed indicators. 


General BRANCKER, in reply, said that instruments evidently seemed to be a 
very controversial point, but he still stuck to his own opinion on the point, and 
instruments needed to be looked after as much as engines. The idea of the two- 
seater, side-by-side, seemed well worth trying, but it must be remembered that at 
present they only had obsolescent flying machines issued for teaching purposes. 
He thought Major Smith Barry was approaching the ideal in his remarks, which 
could not be done during the war. 


Mr. Wutre Smiru moved a vote of thanks to General Brancker for his 
lecture, and Colonel O’GorRMAN to Commodore Paine for presiding. These were 
seconded and carried, and a very interesting and successful evening terminated. 
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(Contribution to the Discussion on General Brancker’s Lecture at the 
Aéronautical Society on January 24th, 1917.) 


There is admittedly no difficulty about flying unstable machines; all that is 
required is that the pilot should not let his attention wander from the actual flying 
of the machine. Why it should be advisable to teach men on machines which 
punish a momentary lack of concentration with a serious accident is difficult to 
discover. The argument that it teaches the pupils to be careful applied logically 
would mean that people should learn to ride a bicvcle on the edge of a precipice. 
We are strongly of opinion that pupils should be taught upon stable machines. 
Even if the officer who crashes on an unstable machine is considered unsuitable, 
and would be weeded out anyhow, the aeroplane is of some value. 

We do not believe the advantages of the side-by-side tractor machine to 
outweigh its disadvantages. It is almost impossible for one man to see out of 
it on both sides, whereas communication with the pupil is probably just as easy 
on any ordinary machine if one of the many speaking tube devices is used. 

We consider it essential that there should be some means of telling the pupi! 
when the instructor has left him in full control. The pupil is never sure whether 
a force on the controls is due to a bump or gust, or whether it is because the 
instructor wants him to do something. If he decides for the first alternative he 
is probably told he is heavy-handed; if for the second, he risks being told that 
he lets the machine take charge. As some—fortunately very few—instructors 
are recuperating their nerves, worn out on active service, their method of telling 
the pupil is somewhat forcible. Instruction in flying, like instruction in anything 
else, is an art, not a rest-cure. 


The only point in which we are not in agreement with the lecturer is the 
question of the number of pupils who can be trained on any one aerodrome. He 
said that 60 pupils and 60 machines would probably be the maximum, and reckoned 
on 20 machines being in the air at any one time. We believe that a smaller 
number would be preferable, though of course if no more aerodromes are available 
certain risks of collisions must be run. As a pupil usually flies for about 20 
minutes, and probably takes four minutes in all to taxi out before starting and to 
come in after landing, there would be some five machines constantly on the landing 
ground. In addition to this the chances of collision in the air are by no means 
negligible. If the pupils do not get out of one another’s way (and few of them 
are sufficiently conversant with the rule of the road to do so effectively), the 
chances of a collision within an hour are only about 20 to 1 against. 

We agree with the lecturer absolutely about the use of instruments. We can 
find no evidence that anybody on a new machine is able to judge his air speed 
correctly within five miles an hour. On a machine to which he is used, which 
he has to all intents and purposes calibrated by means of an air speed indicator, 
he may be able to tell, but a pupil has not calibrated his machine, and is told not 
to do so. If nine out of ten accidents are caused by engine failure soon after 
leaving the ground, the actual crash is nearly always due to stalling the machine. 
The pilot turns to get back to the aerodrome, and having been taught not to look 
at his air speed indicator judges his air speed by the ground speed. Having 
started against the wind, he is travelling down wind, and the ground speed is 
much greater than the air speed; the machine is therefore slowed till she stalls, 
often with fatal results. The accident is attributed to the mysterious danger of 
turning down wind, about which one hears so much, and it is impressed upon 
beginners that under no circumstances whatever should they try to regain the 
aerodrome unless they are over 1,000 feet high. As a matter of fact a complete 
circle only requires 400-600 feet, provided the instruments are used intelligently. 

The commonest form of accident (excluding engine failure) is the so-called 
spinning nose-dive. Due almost always to underbanking at slow speeds, this 
would not occur if pilots could be persuaded to learn to bank correctly. No pilot 
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will admit that he does not bank correctly, and vet one often hears that ‘‘on a 
perfectly correct bank the bubble was up in one corner.’’ Such almost incon- 
ceivable ignorance as is evidenced by this sentence could certainly be dispelled by 
careful instruction. In any case it is ‘* perfectly correct ’’ banks of this type 
that result in spins. 

The arguments against using instruments appear to us quite beside the point. 
This is scarcely to be wondered at as the people who bring them forward 
admittedly do not use instruments. They claim firstly that instruments are usually 
out of order or liable to become so. To this we can only reply that it depends 
upon the hands in which they are. Incidenially, the same reasoning would prevent 
one using brakes on a motor car, for they are often just as likely to get out of 
order as say a bubble on an aeroplane. The other argument—that a pilot who 
uses instruments keeps his eves glued to the board and sees nothing else— 
betrays a complete misapprehension as to the purpose of instruments. They are 
intended to be used to check the pilot’s impressions, e.g., to enable him to tell 
whether his impression of a correctly banked turn is right. It is precisely while 
he is learning that this is most necessary to prevent the formation of bad habits. 
To say this necessitates keeping one’s eves on the instruments to the exclusion of 
all else is much the same as saving that one should not use a map on a cross 
country flight, as it prevents one seeing where one is going. But we agree that 
being taught on an unstable machine accentuates the trouble. 

Though a shortage of suitable machines and instructors is probably unavoid- 
able in wartime, there should be no lack of them when peace is declared, and we 
believe that learning to fly might then become as safe and uneventful as learning 
to drive a motor car. 

F. A. LINDEMANN. 
H. GRINSTED. 
W. S. FARREN. 
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THE CASE FOR THE LARGE AEROPLANE. 
BY F. HANDLEY PAGE, A.F.AE.S. 


SECTION I. GENERAL. 


1. The question of aeroplane size is a most important one. It raises the 
whole question as to whether there is, or is not, a limitation to aeroplane size, 
and therefore whether progress in construction will be limited to improvement on 
present day small types of machines, or whether there is an infinite possibility in 
the extension of designs to much larger types. 


2. It has been argued by many that, just as ships, trains, and other machines 
for transport purposes increase in size as years go on, so will the aeroplane 
progress, and that the large aeroplane will have a definite place in the field of 
aviation. Others have adopted the opposite view. 


3. The general consideration in favour of the large machine is that although 
there is a heavier initial capital outlay, large machines are much cheaper to build, 
cheaper to maintain, and cheaper to run than small ones, and thus progress is 
seen in every type of mechanical transport towards the employment of larger and 
larger machines with a view to taking full advantage of the economies effected. 


4. In an aeroplane there could, however, be no advantage in the use of large 
nachines if that increase in size gives a disproportionate increase in weight which 
would more than nullify constructional advantages, or if the large aeroplane had 
aero-dynamical disadvantages. The whole case needs most careful examination 
from all points of view. 


5. In the arguments set forth below I have endeavoured to compare machines 
of different size and review their relative advantages, determining first of all bases 
of comparison to enable a true picture to be obtained. As these necessitate the 
explanation of a new method of aero-dynamical comparison I have set this forth 
at rather greater length than is necessary for the development of the argument 
proper. After a discussion of the aero-dvnamical problem I have dealt with the 
effect on structural weight of an increase in the size of aeroplane, and then 
turned back to find the effect on the aeroplane’s performance of the weight 
variation with size increase. Lastly, there are a few notes on the large machine 
from a flying standpoint. It is a matter of some difficulty to obtain a true basis 
of comparison from pilots’ opinions. Pilots are, as General Brancker remarked 
in his paper, a very conservative body, opposed to innovation, and the machine of 
he moment’s design is not necessarily the one of the future, or the one from 
which future machines will be developed. 


SECTION II. AERO-DYNAMICAL BASES OF COMPARISON. 


6. To determine the calculated performance of any machine it is necessary 
to have available the wind-channel experiments on the Lift and Lift/Drag of a 
large number of planes as well as the resistance for various types of bodies 


similar to that proposed to be used. The curves of Lift and Lift/Drag are 
usually plotted in absolute units and in the form shown in Fig. 1. 


From these wind-channel curves the performance curve of the whole 
machine is obtained. 


After the general details of a machine’s design are settled, such as the weight 
to be carried, the area of the planes, etc., the plane resistance at various speeds 
are found from the Lift and Lift-Drag curves. To these values are added the 
correct ones for body resistance, the values of the two curves added together and 


the total h.p. required calculated for different speeds. When the engine power 
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ind propeller efficiency is known the curve of available h.p. can be plotted and the 
points of intersection of the two h.p. curves mark the limits of aeroplane speed 
variation. 

8. It is quite easy to see that this method, although exceedingly useful for 
iny particular aeroplane, does not afford a quick means of comparison between a 
machine with planes of difierent section or different shape or loading. I have 
therefore adopted a different method of plotting so that the performance of any 
nachine can be directly predicted from the wind-channel tests, on the Lift and 
Lift Drag of the planes used, and on the body resistance, the new method taking 
into account the effect of altered loading or varying air densities at various heights. 


I will deal first of all with the plane calculation. 


gq. The following is the notation adopted :— 

V—yelocity of the aeroplane in ft. / sec. 

}V¥—total weight in Ibs. of the aeroplane. 

A—area of main planes in sq. ft. 

density of the air in Ibs./cu. ft. 

§—32.2. 

Ky—absolute value of the Lift Coefficient. 

Ka—absolute value of the Drift Coefficient. 
Rb—total body resistance in absolute units per ft. per sec. of the aero- 
red, Lat resistance of the chassis, body, Struts, in 


plane consider 
fact all the resistance of the aeroplane except that of the planes. 


rhe following equations may be written :— 
e 
W=Ky A. V? ‘ (1) 
whence 
J = — (2) 
‘ Ky 
T 
j (3) 
Ky 
A « 
where 
a —_—.— ‘ (4) 
Resistance — Kx V2 (5) 
A 
550 
Inserting the value of TV from equation (2) above 
A g\3 
H.P.=Kr .— . —-|—. —| (7) 
g 550 \A 
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Whence 


Ka I W iW g 
H.P.= —-  {/—.— . (8) 
Ky,/ Ky 350 Ae 
or 
Ker I 
H.P.=b .—- /— ‘ (9) 
Ky. / Ky 
Where 
g 
b= — { — ° (10) 
550, 
Summarising 
/ 1 
/ Ky 
Kx /1 
Ky, / Ky 


11. Instead of the usual Ke and Ky curves for a plane there will now ve 
plotted 
I 
— and — — 

Ky Ky. / Ky 
which is equivalent to plotting h.p. required against velocities. A curve for the 
section known as R.A.F.6 and one for the section known as R.A.F.3 have been 
plotted out in this way. It is well to examine these curves to see their general 
application before proceeding to deal with the question of plane comparison. In 
Fig. 4 are plotted the ordinary Kr and Ky curves for R.A.F.6 and R.A.F.3. 
R.A.F.6 has the lower value of Ay maximum and a higher value for Ky/K«. 
The maximum value of Ay for R.A.F.6 is .605, and that of R.A.F.3 is .695. 
The result of this is reflected in the curves in Fig. 3 where R.A.F.3 gives a slowe: 
landing speed than R.A.F.6 for the same loading. The slow speeds are related 
in the ratio of the sq. root of their maximum Ky or in the ratio of 1 to 1.05. 
These plotted curves give them the relationship between h.p. and velocity for 
equal loading. If it is desired to know the actual speeds obtained with different 
h.p. or in effect to obtain the correct scale for these curves it is only necessary to 
obtain the multiplying factor, converting the horizontal scale into feet per second 
and the vertical scale into h.p. This is done by evaluating the constants a and 0 
in equations 4 and 10 above, inserting therein the correct valuation of IV, A and 


12. Attention is drawn to the fact that the loading expressed in weight per 
unit of area, and the value of the density of the air expressed as weight per cubic 
unit of air, appear in the same form in both velocity and h.p. multiplying factors. 
It follows, therefore, that these curves are correct for any loading or height above 
ground level, the comparison between the two being correct as long as the loading 
is equal in both cases. The only alteration is the multiplying factor of the hori- 
zontal and the vertical scales. 

13. It is hardly correct, however, to compare two machines, one of which 
has a slower landing speed than the other. For correct comparison the slow 
landing speed of a machine fitted with planes to R.A.F.3 section should be in- 
creased so that it is the same as that for R.A.F.6. The area of the R.A.F.3 
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planes should be decreased, thus increasing the loading until the two slow speeds 
are identical. The loading is increased in the ratio of 1 to 1.05. To compare the 
resulting curves it is better to keep the multiplying factors of the vertical and 
horizontal scales the same and alter the R.A.F.3 curve. Since the loading enters 
into the multiplying factor of the h.p. and velocity scales equally each value of 
the R.A.F.3 curve must be increased 1.05, both as regards h.p. and velocity. A 
new curve is now obtained for R.A.F.3 having the same slow speed as R.A.F.6 
and the multiplying factors being the same for both. These new curves will again 
be true for all heights. 

14. We will take an actual practical example. .\ssume a machine weighing 
2,200 lbs. with a loading of 5.9 Ibs. per sq. ft. and that at the ground e/g = 425. 
Then from equation (4) a= 50 and from (5) b=200. For R.A.F.3 the value of Ky 
(maximum) is .675, and of 1/, /Ky is 1.215. For R.A.F.6 the value of Ky 
{maximum) is .605 and of 1/,/Ky is 1.285. The slow landing speed of R.A.F.6 
for the loading of 5.9 Ibs. per sq. ft. is 50 x 1.285 =64 ft. per second or 43.5 miles 
per hour. The slow landing speed of R.A.F.3 for the loading of 5.9 Ibs. per 
sq. ft. is 50 x 1.215=60.5 feet per second or 41.2 miles per hour. 


The new curve for R.A.F.3 will be for a slow landing speed of 43.5 m.p.h. 


and the loading will now be be. x 5.9=6.25 Ibs. per sq. ft. Each point on 
41. 


the old R.A.F.3 curve must have its vertical and horizontal value increased in 
this proportion, 7.¢., multiplied by 1.05. The new R.A.F.3 curve was plotted in 
this way. 

15. The minimum height of either of these curves above the horizontal is 
the minimum h.p. required by the planes, and, neglecting body resistance, the 
curve with the minimum value will have the highest climbing speed. It must 
always be borne in mind that the curve with the higher loading will have the 
smaller planes and therefore weigh less. Allowance must be made for this in 
effecting the comparison. 

16. The three curves can now be compared. For the same loading and 
h.p. available R.A.F.3 has the slower landing speed, the higher climbing rate, 
but the slower top speed. If the loading be increased R.A.F.3 loses its advantage 
in climbing rate and does not attain the same high speed as R.A.F.6. In a 
similar manner any other or more modern planes may .be compared. 

It is interesting to note, in passing, that at 10,000 ft. height where e=.055 
the value of a will be increased to 59 and of b to 236. The effect of height is to 
reduce the h.p. required for any given speed, and also the speed range by 
increasing the slow speed. Owing to the h.p. scale being increased the minimum 
h.p. required for flight is increased and, therefore, quite apart from reduced 
engine h.p., the excess h.p. available for climbing is reduced. 

17. The general range of velocities for a high speed machine is from 50 to 

30 m.p.h. or 73.5 to 190 ft. per sec. In general the value of 1/,/Ky will lie 
between 1.4 and 3.8. For a slow speed machine flying from 40 to 90 m.p.h. or 
59 to 132 ft. per sec. 1/,/Ky will vary between 1.1 and 2.7. Any comparisoi 
between plane curves must be made between the velocity limits of the type of 
machine considered. 

18. So far the comparison has only been extended to the planes of a machine. 
The body resistance remains to be dealt with. 

The equation may be written :— 

Resistance=Rb . — 


e ys 
H.P. required=Rb . — . — 
g9 550 
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This equation is identical in form with the plane h.p. curve. The term Rb 
is the product of the values of a resistance co-efficient Kzb and a body area S. 
The equation may therefore be written :— 


H.P. required=KAzrb . (13) 
§§5° 
Whence inserting the value of V in equation (2) above 
Ky S W /W g 
H.P. required = /—-.—.— 
Ky A  550,, 


(14) 


The H.P. required for body resistance can be plotted to the same scale 1s 
those for the planes. The values would be divided by 


here would then be plotted for the body resistance H.P. the value of :— 


Ky /1 S 
/ 


Kab, / Ky 


19. The h.p. required for body resistance can now be added to the plane h.p. 
curves. Let us assume that the machine referred to in paragraph 10 above 
requires 10 h.p. to overcome body resistance at 1oo ft. per sec. The curves 
referring to the planes in Fig. 3 have been plotted again in Fig. 5. Below the 
horizontal line has been added a curve of h.p. required to overcome body resistance, 
the scale of h.p. being the same as that for the planes. The total height between 
the two curves for any value of 1/, / Ky gives the total h.p. required at that speed. 
It is interesting to note that these curves are correctly placed in respect of one 
another for all heights. This method of plotting and the curves so obtained give 
the necessary basis for a comparison between different machines, and reference 
will be made to them again later in the paper, after discussing the structural side 
of the question. 


SECTION III. THE EFFECT OF AN INCREASE IN SIZE ON THE 
STRUCTURAL WEIGHT OF AEROPLANES. 


20. Attention has already been drawn to the fact that an improvement in 
the aero-dynamical qualities of the machine as the size increases may be partially 
or completely nullified if the increase in size is accompanied by a disproportionate 
increase in weight. I will, therefore, accordingly examine the rate at which the 
weight increases with increase in size. 


In this discussion we shall leave out the weight of the power unit comprising 
engine, tanks and fuel, as well as the useful load, whether consisting of men or 
dead weight, such as guns, bombs, etc. We will confine our argument to the 
weight of the machine structure, that is, the portion which supports the load, 
whether on the ground or in the air, with the necessary directing surfaces and 
their attachment to the main portion of the aeroplane. In the latter category 
come the planes, the fuselage and the chassis, and these will be considered 
seriatim. 


21. In all discussions on weight saving there is the general question as to 
the best utilisation of materials with the varving size of machines. As the 
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machine is made smaller, so eventually a limit is reached beyond which it is not 
possible to decrease the minimum thickness of the material and retain adequate 
local strength. Especially is this the case in aeroplane work, where the members 
are usually stressed as struts, and for which, therefore, a hollow tubular con- 
struction is the most efficient form from the point of view of minimum strength 
for a given weight. In making tubular members, whether these be plane spars, 
fuselage, struts, or longerons, it is not advisable to decrease the thickness of the 
walls below 5/16in. to din. Even this is on the small side when allowance is 
made for errors in workmanship, and the fitting in of the necessary tongue piece 
to make a secure joint. Considerable economies can be effected in weight-saving 
with increase in size in this manner. 


Local strength, too, determines the construction of subsidiary parts of the 
machine, such as the tail skid, the ribs, tail planes, a local strength that does not 
need to be increased with increase in size of the machine, and here again weight 
economy can be effected. Figures 6 and 7 show typical plane ribs for a large 
and a small machine of approximately the same factor of safety. The better 
utilisation of the material is apparent. 


22. This better utilisation of material more than offsets the increase in 
weight that would occur in the planes provided that they were increased in a 
geometrically similar manner and the loading aspect ratio and section kept the 
same. In a machine of which I can show you the photos later, the plane weight 
per sq. ft. is less than a small one for the same factor of safety and the total 
plane weight is a lesser percentage of the gross weight. 


The fuselage weight, owing to the better utilisation of material, is consider- 
ably decreased. The chassis weight remains about the same. 


SECTION IV. THE EFFECT OF AN INCREASE IN SIZE UPON AN 
AEROPLANE’S PERFORMANCE. 


A general comparison can now be effected between aeroplanes of different 
sizes on the basis of the curves described in Section II., the total weight of the 
aeroplanes considered being modified according to the size in accordance with 
the conclusions of Section III. An examination of equation No. 9 in’ which 
H.P. equals bx Ae/ Ky x ./1/Ky shows that provided that similar planes are 
used and that the weight per H.P. remains the same, the same plane curve repre- 
sents all machines. These curves as plotted are, in fact, curves of H.P. required 
per lb. weight of the machine for a given loading per sq. ft. Let us now examine 
the lower curve of H.P. required for body resistance and refer to equation 14. 
Provided that the area of the body increases in the same ratio as the plane area, 
this lower curve will still, for any size of machine, be correct in relation to the 
plane curve plotted above, and the summation of the two ordinates or the distance 
between the two curves will represent the total H.P. required, the scale being 
increased in proportion to the increase in ratio. The greatest resistance of an 
aeroplane is that of the body. This for smaller shaped bodies would increase as 
the square of its lineal dimensions, whereas its volume would increase as the cube. 
It follows, therefore, that the resistance of the fuselage per unit of volume will 
decrease with the increase in size of the aeroplane. The lower curve will have 
to be modified to meet these changed conditions, and the dotted curve in Fig. 8 
indicates the way in which the new curve will be plotted. This decrease in weight 
will have the usual cumulative effect of decreasing the weight of all the rest of 
the machine. 


23. The curves which are plotted are for H.P. per unit weight of the whole 
machine, and do not show so graphically the superiority of the large machine as 
if the curves of H.P. per unit of useful weight had been plotted instead of gross 
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weight. In this case the curves for planes and body would have their vertical 
ordinance increased with the proportion of useful to total weight. The balance 
in favour of the large machine is thus apparent directly we compare machines of 
approximately the same total weight per H.P. 

24. The conclusion that may be drawn from the above theoretical considera- 
tions of the aero-dynamical and structural qualities of the large machine are that 
for the same total weight carried per H.P. the big machine will effect the better 
performance. 


SECTION V. THE LARGE MACHINE FROM THE PILOT’S STAND- 
POINT. 


25. There has been very much less experience in the flying of large machines 
than with small ones, and therefore pilots are not so accustomed to their use, 
neither is the experience wide enough to draw general conclusions. It may, 
however, be safely said that large machines can be built to operate quite as easily 
and fly with as little fatigue as the best of the small ones. No Servo-motors are 
required for the controls provided the controlling surfaces are properly balanced. 
There is less work in flying a large machine owing to the wind gusts which seem 
large to a small machine, being relatively small in their effect on a large one. <A 
large machine will plough its way through gusts without any control being neces- 
sary, whereas a good deal of warping might be necessary on a small machine. The 
large machine can be handled more easily on the ground and can alight in smaller 
places. 


26. When considered from the point of view of load to be carried or long 
distance to be flown the large machine has it all its own way. Where a large 
load is to be carried the size of the machine to do it must be increased until the 
useful load is sufficiently great. The size of the machine that is required for the 
purpose depends on the total weight per H.P. that can be carried. There is 
here no question of competition between large and small machines, it is a case of 
the correct machine for the purpose. 


27. For future commercial developments the large machine scores with 
plenty of room for passengers to sit in comfort or mails or luggage to be carried, 
and with its steadier movement will afford greater comfort to those who travel 
by it. It is probable that commercial aeroplane work will be undertaken for 
long distance journeys. Where delays at the commencement of the journey are 
a large percentage in time of that necessary to complete the distance, the possible 
time taken to traverse a’given space may be as great or even greater than thit 
taken by a more certain means of transit. It is the old question of the hare and 
the tortoise. Where, however, the distance to be traversed is great, such as 
1,000 to 2,000 miles, or with jouraevs such as crossing the Atlantic, the passen- 
gers or mails could afford to wait a day or two and will accomplish the journey 
far quicker than any other means of transit. Were the commercial development 
of aviation confined to journeys of from 50 to 200 miles, delays at starting or 
the cost of organising to prevent them would cause the aeroplane’s use to be 
considerably nullified. 


28. It is this question of certainty in operation that requires careful attention, 
for it is the one thing at the present time that the aeroplane requires in order 
that it may take its proper place in commercial work. Engines for this will 
probably be more heavily built to reduce the possibility of breakdown, and multi- 
engine machines will be used which can fly satisfactorily even if one engine 
breaks down. Here again this points to the use of the larger machine. 


29. Finally, it must be pointed out that the same improved performance can 
be obtained from a large machine, whether for scouting, fighting, or weight 
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carrying, provided that the specifications are the same in both cases. It is 
absurd to compare the performance of a weight-carrying machine with high 
values of useful weight per H.P. with a small scout of very small useful weight 
per H.P., and particular attention is therefore drawn to the methods of com- 
parison set out in Section 2, so that careful comparison may result. 


DISCUSSION. 


The CuarrMaAn (Mr. F. W. Lanchester) opened the discussion and_ said: 
| greatly desire to congratulate Mr. Handley Page on his very able paper, 
with very much of which I find myself in complete agreement. It is perfectly 
true that some twelve months ago I took up a position a little in opposition to 
the position forced upon aeroplane constructors, and against the popular clamour 
for a big ‘‘ battle plane,’’ comparable to an aerial dreadnought and the building 
of an enormous fleet of huge aeroplanes. I never believed in) megalomania 
and for that reason made a stand against the large aeroplane. The present 
is the period of the small aeroplane. When the safety of the country 
depends on its armament, in which aeroplanes are a_ vital factor, it is 
necessary to move with due caution in the introduction of changes. I heartily 
appreciate the work, the very successful work, of Mr. Handley Page, and now 
after I have seen the big machines which he illustrates, I feel that the designer 
has at all events the courage of his convictions. The work of Mr. Handley Page 
will stand as of great value to future developments. As to the engineering ques- 
tions disclosed in the lecture, there is room for considerable controversy. Mr. 
Page says that as the size of an aeroplane increases the structural weight does 
not increase in the same proportion. I will readily admit that the big scale 
certainly alters the question when one is not working to the same drawings, 
but the economic question still remains to be dealt with and the question of 
whether it paid best to build one big aeroplane or many small ones depends 
entirely at present on the military outlook. 


With reference to the elaborate and ingenious curves displayed by Mr. Page, 
I can only say that everyone has his own system of curves and thinks everyone 
else ought to agree with him. I doubt whether, with reference to Mr. Page’s 
curves and symbols there was complete comprehension and agreement among 
those present to-night, but that is probably not Mr. Page’s fault. Engineers 
always start these discussions just at dinner time, and when looking at the curves 
displayed by Mr. Page, he found himself speculating as to whether the symbol 
‘Rho ’’ as Roe (say as caviare) constituted a full course as eggs, or half a course 
as Hors-d’Oeuvres. 


Wing Commander L’EstraxGr MALONE, in opening the discussion, stated that 
it appeared that the limitations of big machine construction were clearly defined, 
and that manufacturers taking up the construction of large machines did so, or 
rather should do so, with their eyes fully open to the limitations of the perform- 
ances which they could attain. 


Some thousands of years ago man placed the limit of ship construction on 
the size of the biggest tree that he could conveniently dig out with his knife. 
Nowadays the limits can be similarly defined, but are rather more complicated. 
We must consider three distinct divisions—the power plant, the glider, and the 
useful load. 
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The power plant comprises everything which goes to produce power. It 
includes engines, radiators, fuel, tanks, airscrews, instruments, gauges, etc. It 
is expressed in units of power plant weight per horse-power. 


As regards the glider, analogy may be drawn between bridge building and 
aeroplane construction. The aeroplane has to carry structural weight and the 
useful load, just as a bridge has to carry the weight of the locomotive, the weight of 
the trucks, and its own weight. Glider or structural weight is distributed, the 
locomotive or power plant weight is highly concentrated, and the useful load or 
trucks may be partly distributed, partly concentrated. The same sort of calcula- 
tions applied to bridges are also applicable in calculating aeroplane stresses. 
Bridge builders use a co-efficient of structural weight. I believe that a similar 
co-efficient of structural weight can be used in aeroplane design. During the last 
two years it has been possible to carry out experiments on this matter, and the 
formula used by the French Aviation Technique, which was quoted in the 
** Journal ’’ of this Society of some five years ago, has been employed. Checked 
by practical experiments, carried out in the intervals of war service, it has been 
possible to plot curves. From these curves can be clearly shown the limitations 
which we are up against. It is for the manufacturers to improve their design, 
and study to find new material so as to extend those limitations. The smallest 
increases in the efficiency of the airscrew or the reduction of head resistance have 
a large effect in extending the limits. 


Before showing vou these curves, I shall show vou a slide of a large machine 
which defies the principle of the curves. Whilst I am not disclosing any secret in 
putting this picture on the screen, I am afraid I am unable to tell you why this 
machine defies the curves. With the permission of the Chairman, I will ask 
Lieutenant A. R. Low, R.N.V.R., who has assisted me in this work, to explain 
these curves in detail, as he is better fitted to describe their technicalities than I am. 


Lieutenant A. R. Low: Every complete flying machine has a definite incidence 
at which least horse-power is required to sustain it in the air, and corresponding 
values of ky k,, the co-efficients of lift and drag. If the airscrew is designed to 
give maximum permissible engine revolutions per minute and maximum efficiency 
y, the conditions for load lifting are the best. The total weight is analysed into 
power plant weight, including every item which varies with horse-power; glider 
weight, including every item that varies with surface for constant loading ; and 
the residual load, which varies with neither. 


Co-efficients of power plant weight and of glider weight are defined by the 
equations 
power plant weight 
k, = —— 


horse-power 


glider weight 
k, = —— 


total weight x / surface 


Let P=engine horse-power. 
S=supporting surface. 
=useful load. 
V=aeroplane speed. 


rhen on the assumption that ky, ko, ky, ky,* 9, are constant, it has been shown 
(Sée, ‘‘ Les Lois Expérimentales de l’Aviation,’’ 1910, p. 16g, JOURNAL OF 


* To transform to Eiffel’s notation put R, / Ky 
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AERONAUTICAL SOCIETY; 1912, p. 2413 1913, p. 343 ‘‘ Journal of Junior Institution 
Engineers,’’ April, 1913; ‘* Engineering,’’ 1913) that 


(k,P + = — kaS) 
él 

For max. U —-=0 = 0 from which 
bP 


(2\ 
max. U=U,=} |-} 
corresponding power plant weight /,P,= 


corresponding surface S,= |- 
\ 


2 75yhty 
corresponding velocity = — ——— 
S 
U P S V 
Putting u=— p=— 
S, V. 
the equation transforms to 
(5 
(4p +u)*?=sp* | 
/ 


This curve is shown graphically (Fig. 1) for values of wv varying from o to 1 
by tenths. 

The ten curves so obtained are curves of equal useful weights, the eleventh 
curve corresponding to w=1 shrinks to a conjugate point at (1,1). 

If k, is plotted against horse-power and total weight of power plant for 
successful types, we get a broad belt of points, and by drawing a free curve 
through the lowest points only, we get the limits of best current practice. 

This limiting curve shows a decrease of weight per h.p. for increasing power, 
which is fairly rapid for small powers, but above say 100 h.p. the curve becomes 
nearly a horizontal straight line. 

If i, is plotted against total weight for successful types, the limiting curve, 
through the lowest points, at first falls fairly rapidly with increase of total weight, 
but above two tons the curve becomes nearly a horizontal straight line (Fig. 2). 

If we plot k,+factor of safety the variation is reduced to very small limits 
(Fig. 2). 

In accordance with a well known mathematical device we may assume fk, 
and k, to be constants with the limiting values to which the curves of ik, k, seem 
to be approaching. Using these values we get upper limits of aeroplanes, which 
hold until k, k, have been improved by better materials or by better use of 
materials. 
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Similar limiting values may be found for k, ky, 7. 

This is shown graphically as a series of curves shrinking to a conjugate 
point. At the conjugate point p= u = s =v =1, and these values satisfy the 
equation as is seen by writing 


[5 3 
|-—,/1 
\2 
It is further found that v*=p,/s so that the loci of constant v’s are straight 


lines. 


Note that the incidence is assumed the same and ky, I, constant throughout. 
It is now possible to read off from the graph at any point corresponding values of 
8, p, u and v; and as we can calculate S,, P,, U,, V,, the values of S, P, U and V 
follow at once. 


If any two of the variables S, P, U, V, are chosen arbitrarily the remaining 
two are fixed. The co-efficients k,, k,, are assumed chosen for best climb. The 
best gliding ratio of k,/k, may be taken as an approximation. !f the performance 
requires a specified height of climb or ‘“‘ ceiling,’’ the corresponding density p 
must be introduced into these expressions. 
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Values of k, against total Wat. 


2 4 6 6 10 
Weight in Tons. 


Fic. 2. 


Limit oF USEFUL WGT. 
AT VARIOUS HGTS. 


3 = 4 6 8 10 


Total Wgb. 1 25 5 79 10 
Useful Wat. 2-5 1 2 25 


Fic. 3. 


— 
kK, 
| 

Height. 
25,000 
20000 

15000 
10,000 
5,000 
— 
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If in the expressions for U,, P., S., Vo. we put k,po/p for k, and kyp/o,, 
,0/p> for ky ky, calling the resulting expressions U,! P,' S,! V,', it is easy 
to show that 


The weight of the power plant is now 
kp p* (k,P.) 


i.c., the power plant weight is reduced in the ratio p®. As before, the useful 
weight is 1 5, the power plant weight 2 5 and the glider weight 2/5 of the total, 
so that all weights are reduced in the ratio p*, and the sea level horse-power in 
the same ratio. The surface remains constant. 
The best climbing speed at sea level is 
(p/ po)? 


In practice a light machine of such large surface would tend to be too slow 
and too flimsy for handling and in gusts. 


Actually in small machines the surface is cut down and the speed increased 
with sacrifice of weight-lifting quality. 


If the figure is regarded as a solid model in three dimensions, the curves of 


equal « may be regarded as contours and the point u=1 as the summit beyond 
which it is physically impossible to go, so long as iy ky k, Kk, 4 are constant. 
But while the existence of this limiting relation is indisputable, the scale depends 
on co-efficients derived by trial and error in the laboratory and the workshop. 


In the ‘* Journal of the Junior Institution of Engineers,’’? 1913, the writer 
from data of the army trials estimated that a total flying weight of 124 tons at 
sea level was feasible,:and was bold enough to predict that this figure would be 
soon reached and surpassed. 


- Applying the rule that the total flying weight is reduced in the ratio p*, 
Fig. 3 is obtained. 


From these data it appears that if 12} tons is the limit at sea level, then 
5 tons is the limit at 10,000 feet, and 1 ton at 25,000, the useful weight (ex- 
cluding oil and fuel) being one fifth of the total. 


This graph (Fig. 3) exhibits substantially the present day limits with 
regard to height and weight lifting, and the fair conclusion is that the theory is 
correctly based on the. properties of matter. 

The first part of his paper proposes the use of speed-power curves instead of 
lift-drag or lift-glide curves to represent the aerodynamical quality of wings. 

The matter is rather irrelevant to the subject of the paper, but the method is 
sound, and its inclusion here gives Mr. Handley Page priority of publication. 

By a curious coincidence Lieutenant W. H. Sayers had submitted a few 
days previously to Mr. Handley Page’s first communication, an equivalent method, 


in comment on which the present writer pointed out the advantage of non-dimen- 
sional co-ordinates in use by himself. 


These are very simply obtained as follows :— 
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The total weight WW and the minimum flying speed V,, are assumed the same 
for all the wings under comparison as fair conditions. 


Total weight W=k,SV? — 
q 


— 
g 


where Ky» is the maximum value of ky for any particular wing from which 


\ 


Vm 


v is a non-dimensional co-ordinate representing the ratio of the variable velocity 
to a velocity constant for all wings. 


Required h.p. 


Put 


where P,, is the h.p. required to lift W vertically at speed V,. 


Using (3) 


p is a non-dimensional co-ordinate representing the ratio of the variable horse- 


power to a horse-power constant for all wings. 

The (p, v) curve is merely a transformation of the (/,, ky) curve, or of the 
(k,, ky/kx) curve, to which it is equivalent. It has the advantage of showing to 
the eve the comparative load-speed-power relations, which are the engineer's chief 
concern. 

In applying the method to design, it may be supposed that different wings are 
fitted to otherwise identical bodies. 

From the equation it is seen that /,,,S is the same for all the wings, so that 
the wing with largest k,,, has the smallest surface S. 

Extreme values of ky are .75 and .5, and corresponding surfaces might be, 
say, 200 square feet and 300 square feet. 

In general the smaller wing will be the lighter, and the designer might use 
this to reduce the total weight while lifting the same useful load, and so reduce 
or even reverse an apparent advantage of a larger wing shown by the (p, v) curve. 

The estimation of this secondary effect must be left to the practised designer, 
but in laboratory reports it would be an advantage to give the (p, vj curve of every 
wing as well as the (ky, ky) and (ky, ky/ks) curves. 

Commander Porte and Mr. Handley Page are the two most successful 
exponents of the large flying machine. 

The writer has plotted a large number of values of k,, the co-efficient of glider 
weight, and has drawn a fair curve through representative points. 
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When a particular value falls above the curve it is safe to predict that the 
performance will be poor. When a particular value falls below the curve, it may 
be predicted that the factor of safety is low in the first place, bearing in mind that 
alternatively weight may have been reduced by increasing head resistance, or 
even that a designer of ability has employed better constructional methods! 

It is interesting to note that the latest figures available place the Handley Page 
machine very close to the curve previously obtained, but slightly lower. The 
reduction may be ascribed to satisfactory design. 

Much of what Mr. Handley Page has said about -economising weight on large 
machines by fining details is true. But it is repeated with emphasis, that this 
detail saving is small compared with the rapid increase of the cube of the dimen- 
sions which controls the increase of weight. 

It must be borne in mind that the basis of the curves shown is weight carrying 
with fuel for 5-6 hours and one-fifth total weight as useful load, exclusive of fuel. 

This gives roughly 15 per cent. of the total weight as fuel, and applying 
the rule that 10 per cent. reduction in weight adds 3,000 feet approximately to 
ceiling height, we get an increase of 4,500 feet on the ceilings shown in the curve 3, 
when the tanks are empty. 

Another point in which the large machine has a fundamental advantage is 
duration. 


By reducing the useful load (excluding fuel) from 15 of the total load to the 
weight of a crew of three say, then we can, in the case of a five ton machine with 
roughly one ton fuel and tanks and one ton load, alter the conditions to + ton 


load and 1} tons fuel and tanks, increasing the duration from 6 hours to 104 hours. 

In seaplane work sea-worthiness undoubtedly is easier to obtain with large 
Sizes. 

The writer takes this opportunity of congratulating Mr. Handley Page on 
his large machine, which he regards as a very able contribution to progress in 
design, and expresses the hope that he may have an opportunity of applying the 

same methods to the production of a seaplane. 

With regard to the large America shown by Wing Commander Malone, the 
writer has to remind his critics that he has carefully hedged against being’ tied 
down to any specified number of tons as a final limit. 

Actually the present day calculated figure derived from practice seems to have 
increased from 12} tons to 15 tons at sea level, or from 5 tons to 6 tons at 
10,000 feet with full tanks for 6 hours’ duration at sea level, the factor of safety 
being adequate (say about five) and the load, excluding fuel, being one fifth of the 
total weight. 

The large America may actually exceed these figures, I think it does not, 
but can only do so by means of better materials and construction. 


If it really defies the physical principles underlying the curves of limiting 
sizes, then so much the worse for the pilots. 


Captain W. S. Farren, R.F.C.: Mr. Handley Page suggested that the useful- 
ness of large aeroplanes for war purposes depended entirely on the way in which 
they were employed, and therefore that the opinion given by Captain Barnwell and 
myself (that the large aeroplane is out of court for the present war) is somewhat 
100 sweeping. I think it was agreed by all that the chief sphere of usefulness of 
the large aeroplane was carrying large loads; for war purposes it cannot be con- 
sidered as anything but a defensive machine. Mr. Handley Page considered that 
it could be sufficiently well armed (and presumably armoured) to be able to take 
care of itself in the face of attack by fighting scouts. All aeroplanes, large or 
small, of which I have any knowledge, have blind spots, i.¢., directions from 
which an enemy could approach without danger to himself. In the larger aero- 
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planes these blind spots can certainly be reduced in number on account of the 
possibility of spreading isolated gunners over the aeroplane, but it does not appear 
to me, from the illustrations of Mr. Handley Page’s aeroplane at any rate, that 
complete defence in every direction has been achieved. I am of opinion that two 
or three fast scouts attacking an aeroplane such as Mr. Handley Page showed 
would prove a very real danger to it, especially in view of the limited manceuvra- 
bility of any large aeroplane. It remains, therefore, for those who are acquainted 
with the conditions of warfare in the air to decide whether any measures could be 
taken to protect a large aeroplane other than those which it can take itself, such 
for instance as a convoy of fighters. It is hardly possible to discuss this matter 
at the present time in detail, but from general considerations it would seem that 
such a scheme has very great difficulties. 

From a purely design standpoint the case as between a large and a small 
aeroplane seems to me to depend upon the answer to the following question :-— 
Given a large load (say a ton) divisible into any number of parts, will it be more 
economical to carry it on a number of small aeroplanes or on one large one? (If 
the load is not so divisible it is evident that the smallest aeroplane which can be 
considered is one capable of carrying a ton, i.¢e., a large aeroplane, and for this 
purpose the case for the large aeroplane is proved.) It is my experience that this 
question must be answered in favour of the small aeroplane. This of course sup- 
poses that in both cases the same top speed, rate of climb and duration of flight 
are required. The reason on which I base this opinion is that I find, in agreement 
with Mr. Lanchester and Captain Green, that the weight of the structure of the 
aeroplane per square foot increases as the size of the aeroplane increases, at any 
rate up to the size of aeroplane of which I have any experience. It is possible 
that future improvements in construction may make it necessary to modify this 
opinion. The only gain which the large aeroplane presents is the saving in weight 
of crew. Apart from this saving | think it is fairly well established that the useful 
load of two small aeroplanes is greater than that of one large aeroplane of the 
same gross weight as the two combined, always supposing the same top speed, 
rate of climb and duration of flight. 

Mr. Lronarp Bairstow, A.R.C.S., challenged Mr. Page’s conclusions, and 
stated that there are limitations, and there will come a time when the size of the 
machine increases in which you will not be able to increase the load; the load will 
increase more rapidly than the weight. If it were possible to increase the size at 
less than the rate of the cube of the dimensions, then we could certainly do better 
with big machines. 


Capt. Barnwe.i, R.F.C., said that there remained the ability of improving 


the structure. As big machines cannot be ‘‘ chucked about ’’ by the pilot, they 
therefore do not need such a big factor of safety. All theoretical curves are based 
on model experiments with small wings at low speeds, and so go very far wrong 
at high speeds. At present the most important quality in a war machine is 
manoeuvrability, so that the big machine is out of court. The best fighting 
machines are composed of the largest and lightest possible engine with the smallest 
possible fringe of aeroplane round it. He personally preferred the small fast 
machine to anything else, though this was probably due to a mere human desire 
to ‘ hot-stuff ’’ another machine. Capt. Barnwell intimated that he might quote 
many figures on this point, but it was probably inadvisable to do so in public. 
All theoretical curves were based on model figures for small wings at low speeds, 
and therefore could not be applied to larger machines. If one worked on very 
small model figures one went wrong on higher speeds. At present the aeroplane 
Was purely a war machine, and the most important quality for a war machine was 
manceuvrability, so that for the time being the large machine was out of court. 
The best fighting machines were composed of the largest and lightest possible 
engine with the smallest possible fringe of aeroplane round it. He had a personal 
liking for the smallest aeroplane round the best engine. 
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Mr. Ho_t Tomas disagreed with Mr. Page on sundry points. He said that 
the big machines had great use at sea, but for military purposes he thought it was 
better to cut up the load among a number of machines. Judging from the photo- 
graphs shown by Mr. Page, big machines appeared to need big handling parties 
on the ground. 


Mr. PAG# interpolated the remark that the number of men seen in the photo- 
graph was accounted for by the desire of all hands not to be missed by the camera. 


Mr. R. L. Howarp FLANDERS said that when the weight per horse power of 
a machine was increased, the climb seemed to fall off disproportionately. 

Wing Commander A. M. Lona@more, R.N., said that there was plenty of 
room for all types, and that aeroplanes, like ships, could be classed as destroyers 
(scouts), light cruisers (14 strutéters), cruisers (ordinary two-seaters) and battle- 
ships (big aeroplanes). As in warships, the armament must go up correspondingly 
with the big machine. Otherwise it has the same armament as the small machine. 
A few extra machine guns with the same range as those carried by ‘‘ destroyers ”’ 
were not enough. The present type of big machine with the engines and tanks 
spread out added, he thought, to the vulnerability of the machine. There seemed 
no reason why the power plant should not be centralised and well armoured. As 
regards supply, he thought that some day the engine firms could supply the power 
plant complete in the same way as the chassis of motor cars, and then send it to 
the aeroplane manufacturer to have its wings fitted. In war time it was simpler 
to turn out smaller machines than the large aeroplane. From a naval point of 
view a large sea-going machine was needed. 


Captain F. M. Green, R.F.C. (late R.A.F.), said that he had had some 


experience in the design of aeroplanes and had found that the weight increased 


unduly with the surface. He also thought that the large aeroplane might be 
developed for commercial purposes. 


Mr. E. C. Gorpon ENGLAND said he agreed with Captain Barnwell that the 
large machine was exceedingly clumsy to handle in the air; its movements were 
slow, and in a big machine you felt at the mercy of everything in the air, and 
thought it would be possible for a moderate pilot to ‘‘ do you in.’? For war 
purposes the big machine must be protected by high-speed scouts. 


Mr. Sicrist said that he thought that the large aeroplane would have to ask 
the permission of the small aeroplane to go into the air. 


Mr. Cnarves Bricut, F.R.S.E., M.Inst.C.E., thought that one of the main 
objections to the large aeroplane at present was its comparatively low speed so 
adversely limiting its range, but he trusted Mr. Handley Page was successfully 
dealing with this difficulty. 

During the recent Air Inquiry some evidence had been given on the subject 
and a certain very large machine had been inspected by the Committee whilst 
‘on the stocks,’’ but he (Mr. Bright) believed it had not yet been flown. He 
(the speaker) would also be glad to hear anything of the actual performances of 
the large Russian aeroplanes which had been produced some time ago now. 


Mr. HanpLey PaGe, in his reply, said that in a small machine you could not 
utilise material so economically, and that if properly armed a big machine could 
blow a small one to pieces without being touched. 

Lieut.-Col. Mervyn O’Gorman, R.F.C., T.F., proposed a vote of thanks to 
Professor Lanchester. 
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In reference to the discussion on Mr. Handley Page’s lecture, we publish the 
following letter. For the information of the many new readers of the journal, 
it may be added that Mr. Frost, the writer, has been a Member of this Society 
since the vear 1876 and in 1912 was elected an Associate Fellow. He is a former 
Chairman of the Society :— 


[copy. | 


West Wratting Hall, 
Cambridge, 
sth February, 1917. 
Dear Sir, 


I exceedingly regret being unable, through an attack of gastric catarrh, to 
attend the Aéronautical Society’s meeting on Wednesday. What Mr. Handley 
Page will have to say, [ am sure from past experience of him, will be to the point 
and I| trust will lead to practical and lasting results favourable to this country, 
where (only upon this earth) there was any Aéronautical Society for very many 
years. I think the public should not go away with the idea that the proposals 
made in these days are all of them new ones. On many occasions (see Aéronau- 
tical Society’s Reports, 1883-4, also 22nd and 23rd Reports) at the Society of 
Arts have we endeavoured to show the feasibility of aeroplane public service, 
transatlantic aerial service, passenger, postal and commercial, immediately upon 
the development of suitable power conditions then unavailable. But now these 
conditions are with us, and let us see the old ideas practically and speedily verified. 
I went so far as to outline the plan spoken of on page 19 and 20, 23rd Report, of 
a transatlantic aerial ship, covering an area of some 4,000 square yards, embodying 
ten separate powerful engines, eight of which would be used at a time with the 
two extra ones in readiness in case of need. Fuel to be picked up mid-ocean. 
Steam only then available. 


No one but advanced aeronautical students can, I think, form 2 cfear concep- 
tion of the magnitude of what is in front of aeronautics commercially, industrially, 
and for pleasant, safe, speedy travel over rivers, seas and forests, and for mails. 
mails. 


The very great advantages of to-day justify us in being prepared to go ahead 
vigorously the moment after the war is well over. Great Britain was first, is first 
in heavier than air machines—let us keep first in practical, useful and safe aerial 
travel and traffic. 


And believe me, dear Sir, 
Yours faithfully, 
(Signed) EpwarpD P. Frost. 
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Tae THIRD MEETING of the FIFTY-SECOND SESSION was held at the 


Royal Society of Arts, on Wednesday, February 21st, at 8.0 p.m. Mr. Henry 


Fowler, Superintendent of the Royal Aircraft Factory, presided. 


THE LESS SATISFACTORY MATERIALS OF 
AIRCRAFT CONSTRUCTION. 


BY CAPTAIN G. S. WALPOLE, D.SC., A.1.D. 


From the time when man first made a bow and arrow or a wooden drinking 
vessel until now he has accumulated such an experience of the properties of wood 
that he has ceased to regard it as an unsatisfactory material. 

Metals, too, whether as swords or ploughshares, may be worked with that 
precision and possess that durability which cannot fail to be a source of satis- 


faction. 
But the other materials which are used to-day for constructing aircraft, these 


I have called the less satisfactory ones, because one obtains the best results from 
them in use with a certain lack of directness and precision of forecast. 

Rubber, one of these materials, is an adjunct, if not the foundation of nearly 
all shock-absorbing devices, and the’safety and comfort of the pilot in landing is 
in no small measure due to its employment. 

An aeroplane nowadays, when on the ground, runs on wheels, to which are 
fitted tyres, resembling in outward appearance those of a motor-car. However, 
there are differences in design, which represent the work of skilled men in this 
most advanced branch of rubber technology. 

There are, of course, quite a number of types of aeroplane tyre—that is to 
say, tyres which have been designed with great care to give resilience, durability 
and strength, while the weight is cut down to the smallest possible degree. I have 
taken one well-known aero-tyre to illustrate this point. 

In this particular case the machine on which the tyre is built is the same as 
that used for motor tyres. A cast-iron ‘‘ form ’’ receives a thin coating of rubber. 
Steel hooks are let into this form near its periphery, and rubber impregnated cord 
is threaded from hook to hook. <A second layer of rubber is laid on the cord, and 
then a second layer of cord over the second layer of rubber. The way the cords 
lie is shown in a second slide. Over this again is laid the tread. In the ordinary 
case, the tyre, when finished, would, in action, have the appearance and con- 
struction indicated in this diagram. 

I call your attention to the steel hooks still in situ in the bead of the tyre, 
and the special design of the rim, which, in conjunction with the disposition of 
the hooks, makes rolling off impossible unless something gives. 

When a sideways stress is put upon the wheel, such as one assumes will 
take place when an aeroplane lands slightly across the wind, one sees at once 
how important it is that the tyre shall not roll off, and I have the authority of 
the makers in stating that such an eventuality hinges largely upon the degree to 
which the inner tube is kept filled with air. At very low inflation pressures there 
is danger of the rims becoming deformed by their meeting hard places on the 
ground in landing. At higher pressures than Solbs. the air pressure alone may 
bring about such deformation, for it must he remembered that in either case we 
have to deal with a rim which represents a compromise between weight and 
strength, and not the rim of a car wheel, which is built to withstand almost 
anything. The most suitable pressure is solbs. per square inch for all sizes. 
At pressures over this the tyre is too hard, the pneumatic effect is lost, and in 
the case of a bad landing, the under-carriage would be damaged before the 
wheel (Fig. 1). 
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But the pESIGN of an aero tyre does not show itself only in the shape, size, 
and arrangement of the parts, but also in the properties of the materials. This 
rubber must be tough, flexible, of great tensile strength, standing up to sharp 
cuts, heat and sunshine, as called upon. 

Mineral filling is not used; in fact, the specific gravity of the rubber is such 
that if the outer cover were put into water it would almost float. 

I am indebted to the Company for a number of slides showing their tyres 
under test. In these slides are shown two methods of testing, one by a slowly- 
increasing vertical load on the axle of the wheel, and the other by suspending an 
increasing load on the axle, and, at the same time, pulling the wheel sideways. 
There is a limit, of course, to the lateral pull possible, as the tyre ceases to roll 
and ultimately slides up the sloping surface on which it rests, although this ts 
covered with emery paper. 

There is seen also a new tread for use in winter when landing has to be made 
or a flight started from a sodden field; also a shield hooked to metal loops 
vulcanised in the outer cover. 

It will be noted particularly that as the load on the tyre increases in the dead 
load destructive test, the air pressure, originally at 5olbs., only increases slightly, 
and although the wheel broke, the tyre remained intact and the pressure returned 
to its original value. 

But, of course, tyres are not the only shock-absorbing devices on a machine. 
There are shock-absorbing rings, for example, in the MF under-carriage. Here 
again the two elements of design may be considered. The ring is made circular, 
but from the moment of its insertion into its place on the skid it is under tension 
and grossly distorted. That a ring of rubber used in this way gives considerable 
trouble is not to be wondered at. The distribution of the stresses through the 
mass is so uneven that the reason of their failure is seen immediately. I have 
here some figures showing how the strength of these rings may be increased 
simply by cushioning the iron axles put through the ring in the testing machine. 


RESULTS OF BREAKING TESTS ON SHOCK-ABSORBER RINGS. 
A B 


Using steel axles Using steel axles in. 
isin. diameter. diameter, covered with 
Without rubber rubber 2in. thick. 
Brand cushion. With rubber cushion. 
of Ring. Ibs. per Ring. Ibs. per Ring. 
{290 
1090 1560 
1250 1240 
1240 1650 
1070 Average = 11098 1830 } Average = 1440 
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But the second element of design entering into the composition of these rings 
may enable us to make a still further improvement. Time and cold make rubber 
very brittle unless special mixing and special vulcanisation is employed to guard 
against such an effect, and were this matter of these rings important instead of 
trivial, one could show a marked improvement in reliability of results by giving 
these matters attention. It is a matter for speculation whether or not a little 
design put into the rubber would not have very much the same effect. 

It has been suggested that the use of exerciser cord is the use of rubber in 
rather a clumsy and slipshod way. If a stress-strain diagram be plotted for this 
—that is to say, a braided rubber cord made of 100 strands of pure vulcanised 
rubber with practically no filling of any kind—we obtain the curve ‘‘ A.”’ 
Removing the braid and plotting again, we obtain the curve ‘‘ B.’’ It will be 
seen that the braid is really a very important factor indeed. Roughly, its presence 
is the equivalent of having not 100 strands in the bundle, but 500, with five times 
the weight and expense. In completing the load cycle—i.e., nil to 6olbs. and 
back again to nil—it is seen that the hysteresis is much more marked where the 
strain is greater, and this difference is still more marked when, as would be the 
case, We assume that the cord has been wound under pressure. ‘The actual 
pressure I have taken in illustrating this point is 2olbs. The shaded area, of 
course, indicates the hysteresis, that is to say, the energy absorbed during the 
shock (Fig. 2). 


— aAHYSTERESIS DIAGRAM... 


___SHock ABSORBER 


__ (BRAIDED AT 178% ELONGATION) 
100 STRANDS 


_BRAIDED._ UNBRAIDED._ 


FIG. 2. 


With this diagram there is ample opportunity for argument and discussion. 

The matter will become more involved, but none the less instructive, if curves 
C, D, E, F, etc., are plotted, describing the behaviour of solid cord wherein 
various rubber mixings are used and vulcanised to varying extents. 

The present state of this subject seems to me to be one where the advanced 

en 

rubber manufacturer and the designer would do much if only they could decide 
exactly what was wanted and agreed to help each other to attain what was 
desired. 
One thing is clear, rubber cannot be made blindly to assume an undefined 
function, and I submit that it is not universal by any means for the designer who 
uses rubber to think out and describe exactly what he wants when specifying his 
requirements, nor does he give the rubber manufacturer an opportunity of 
informing him what can and what cannot be done. 


We are indebted to Mr. Barritt for calling attention to these possibilities, 
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and as these qualities of rubber in various shapes and sizes pass daily under his 
review, it is impossible for him, and it is not desirable that he should, to refrain 
from speculation as to whether these choices of material and design in all cases 
even reach that level which we call serviceable, while admitting that they are not 
ideal. 

So much for the shock-absorbing devices, but there is another use to which 
rubber is put in aeroplanes, and that is the conveyance of petrol and hot water. 

I think we can all remember the time when it was considered very inadvisable 
indeed to bring rubber and petrol together. It was always understood that the 
rubber swelled rapidly and perished and lost all its valuable properties, and only 
as the result of a great deal of very fine research work on the part of the English 
chemists retained by the rubber manufacturers is it possible to produce a rubber 
tube which, after being filled with petrol for months on end, retains its original 
properties in almost every respect. 

I have here a sample of this tube, which may be considered a triumph in this 
connection. 


Let us now turn to some of the failures and discuss the reasons why these 
failures are absolutely unusable. 


A filling agent naturally used in large quantities is sulphur. We all know 
that crude rubber, before it can acquire the valuable qualities which make it 
indispensable to civilised communities, must be vulcanised, i.e., it must be heated 
with sulphur or sulphur compounds in one form or another. To accelerate this 
vulcanisation it is sometimes the habit of the manufacturers to mix the rubber 
intimately with large quantities of sulphur so that when the vulcanisation process 
is complete there is left free sulphur in the finished article. 


When this is the case in petrol hose the petrol, of course, ultimately dissolves 
the sulphur from the tubing, and one discovers crystals of pure sulphur, several 
millimetres wide, spreading out on the walls of the pipe, when subsequent 
deposition takes place. 


One can imagine an aggregation of these on the filter of a carburettor not 
being altogether desirable. 


But there are other things which can go wrong. For instance, here is a 
piece of tubing which when immersed in petrol swells up to such an extent that it 
becomes, to all intents and purposes, a solid piece of rubber. The bore of the 
tube is completely closed up, so that no petrol can pass. It has this remarkable 
property, that when a slight scratch, such as I now make with a penknife, occurs, 
the result is that the whole thing bursts open in this way. 


I have another piece here which resolves itself into a piece of rubber ribbon 
as a result of immersion in petrol. 


Another piece, which, when bent in this fashion, simply snaps in two. 
And yet another attempt to make petrol-resisting hose, which snaps in two 
on bending, even though it has never been near petrol. 


The hose which has proved best for practical purposes is not one in which 
the rubber exhibits no swelling under petrol, but one in which the rubber, although 
swelling to about 200 per cent. of its original volume, becomes neither cheesy or 
friable, but retains its flexibility and toughness unimpaired. The adhesion of 
rubber to the canvas let into the walls should be still effective in use. 


The successful making of this material has been one of the highest technical 
difficulties for rubber manufacturers, and I feel sure it is with no small measure 
of pride that they look back upon the struggles which have brought about the 
present situation. 
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If we refer to aircraft as a whole and not to aeroplanes only, we must not 
forget how the proofing of balloons in all countries is now almost universally a 
rubber proofing. 


It is well known that hydrogen leaks through rubber very easily, but 
nevertheless it is possible to obtain quite sufficient impermeability, combined with 
lightness, by using the right kind of rubber applied on fabric in the right way. 


I have here samples of balloon fabric of various kinds, and I am sure we can 
all sympathise with a number of men who last year discovered a derelict kite 
balloon. There were some tailors among them, I believe, and when the officer 
responsible finally arrived on the scene he found that the kite balloon was more 
or less missing, but that all the men in the vicinity had the most excellent pale- 
green waterproofs, of almost that cut and fashion associated with the famous 
name of Burberry. 


WOOD. 


FIG. 3. 


There is here a slide showing the proofing of the fabric for kite balloons as 
carried out at the North British Rubber Co. 


And another showing the laboratories upon which so many of the triumphs 
of this firm are based. 


This particular slide shows the apparatus for measuring permeability to 
hydrogen installed at the laboratories. 7 

Reverting to our consideration of aeroplane materials, I suppose just as wood 
has now been abandoned in the construction of bicycles, so we may shortly make 
only all-metal aeroplanes. Glue, in those days, will not be considered such an 
important material, and welding operations will absorb such attention as is now 
paid to glued joints. 


I do not know if it is a personal peculiarity, but I have always had a desire 
to know what really happens when you take two things and glue them together. 
And now that the time has come when one must seriously examine the theory of 
these things as a guide to future action, I do not see that anything has been 
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discovered which is very illuminating, though we are decidedly on the threshold 
of the dawn, as it were. 

When two pieces of mahogany are taken and a thin film of glue spread 
between them, pressure applied, and some hours later it is found that the two 
pieces of wood have become firmly united, what exactly has taken place? Are 
we to consider that the glue, in its liquid state, has flowed into the interstices in 
both wood surfaces, and then on cooling and solidifying later has keved itself into 
each, so that all three materials—the wood, the glue, and the wood again—are 
united into one firm mass? (Fig. 3). 

That is a simple theory of glueing, and, starting from it as a basis, we are 
able to prophesy that if the glue be too thin or the wood too porous, we shall have 
the glue running down :nto the wood when it is first applied, and when the joint 
has dried afterwards it will shrink, not into a solid glued mass, but into a foam, 
as it were, lining the walls of the cellular structure of the wood. 


FIG. 4. 


A weak joint may be anticipated, and will be found in practice. 


Such a joint may be represented diagramatically on the basis of our theory 
jn this fashion (Fig. 4). 

The remedy, of course, is to partially block up the cellular network at both 
ends by a preliminary coat of thin glue, if this catastrophe is due to the openings 
in the end of the wood, or to use more concentrated glue if it is due to the glue 
being too thin. 

Also, we can anticipate that a joint made between two pieces of wood which 
have been roughened before glueing will be stronger than a joint made between 
two pieces which have been left perfectly smooth. The reasoning here is that on 
the general principle that solid glue is stronger than the wood, and that there will 
be the more opportunity for keying where there is a larger surface development 
of each wood-glue boundary, and so a greater number of keys and a stronger 
joint. 

In practice this has been found to be the case, and in the construction of 
airscrews it is inyariably the practice to roughen the wood lamina before the 
joints are made, 
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But really there is no need for us to go on merely speculating in this tashion, 
for here is a magnified picture of a polished surface cut across an airscrew. 
Illumination is by reflected light. It does not teach us very much, but by 
transmitted light a higher magnification and suitable staining, using a pan- 
chromatic plate and a light filtered, a picture, and I use the word advisedly, may 
be obtained of the internal structure of a glued joint (Fig. 5). 

The big vessels in the mahogany are seen in longitudinal section surrounded 
by smaller ones. These vessels are connected by other cells running transversely. 
(ilue can be seen penetrating into both these systems. 

In the microscope slide the glue is stained bright red (acid fuchsine), while 
the wood is practically colourless. 


The same things may be seen just as strikingly in a section across the 
grain (Fig. 6). Some of the larger vessels are nearly filled, in others a film of glue 


is seen lining the walls. Two pairs of ‘* scores ’’ left by the toothing plane are 
seen at intervals along the section of the joint. All four are filled with glue. 

Of course, all this is very simple, and really it is quite unnecessary to talk 
about theories and so on, but one must talk about the beginning of things before 
one can get on to where the real difficulties commence. 

Having used our glue for making something, it is easy enough to see if the 
job is a sound one by putting the finished article to use. 

If we have glued up an airscrew, the airscrew can be spun and we can see 
whether the glued joint is as strong as it should be. 

But, of course, in this way we get no measure of the factor of safety, and 
if the joint holds, we have learnt little enough as to how to make the joint even 
stronger and better than it is. 


We must therefore elaborate some means by which we can test the glue and 
the best methods of glueing, so that the joint will be, under the most difficult and 
irregular conditions we are able to imagine, sufficiently strong for us to say that 
no matter what goes wrong with this particular job, it will not go at the joint. 
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Now just as a physicist may resign himself to a lost reputation if he essays 
to measure the specific heat of a metal, so I think an engineer would forfeit the 
respect of his brethren were he to essay an authoritative treatise on the mechanical 
testing of glue. 

One makes a joint—there are various types of joints one may make—and, 
using a testing machine, one measures the load required to break that joint. 
These things are easy. And when vou have built two or three joints, the 
conclusions that you draw from them spring readily to the least fertile imagination. 
But with increasing experience ones hopes follow the sure path to despondency. 


But there is a bright side to it all. Build joints enough, and devise sufficient 
experimentation, and the day will come when you can safely say, ‘‘ These joints, 
made in this fashion, are so strong in relation to the woodwork that only under 
very special circumstances of strain, such as cannot possibly arise in practice, will 
the glue give, and not the wood.’’ These joints are what we want in airscrews. 


To go back. The set glue film is isotropic. Its properties are equal in all 
directions, but wood has a grain which is very marked indeed. 


Here is a slide which shows the various test joints which may readily be 
made. There are lines on the diagram to show the way in which the force to 
break the joint may be applied (Fig. 7). 

We may be able to go back to a consideration of some other of these joints, 
but I particularly call your attention to this one (simple lap-joint). It represents 
an attempt to obtain data as to how the joint behaves under conditions of pure 
shear. 

It was not long, however, before it was discovered that the breaking force 
per square inch was not by any means independent of the overlap, but was very 
much influenced by it. One might almost say that it took as big a pull to break 
a joint with one-inch overlap as one with an overlap of two inches. 

Here, indeed, was a paradox. But the cause is easily seen if the joints can 
be observed during test. 


It has not been convenient to bring a 1oo-ton testing machine here to show 
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the external appearance of such a joint under stress, but by a simple device we 
are able to see the strains inside such a simple structure when pulled. 


In other words, the strain on the glue film in this simple lap-joint is not a 
pure shear, and the component normal to the line of pull is a function of the 
overlap. 


The smaller the overlap the more nearly this strain on the joint approaches 
pure shear and the less the percentage of joints breaking in the wood, for, of 
course, the wood is strongest in the direction of the shear and weakest at right 
angles to it. This is actually the case in practice. In addition, we anticipate 
that the pull per square inch of glued joint required would decrease with the extent 
of the overlap, for the shear is supplemented by the normal component at right 
angles to it, and one is led to consider that glue is stronger in tension than in 
shear. 

We came across these results in establishing that the phenol in liquid glues - 
did not affect the wood upon which it was used, even at tropical temperatures and 
for long periods of time. This has been established for walnut. 

Reverting to the former test pieces, No. 3, it is seen that the joint is pulled 
in the direction wherein the wood is weakest. It may be remarked in passing 
that No. 4 is the one used by the Wolseley testing laboratory. 

It is only to be anticipated, and this is borne out in practice, that in such 
joints, unless the glue is particularly bad or the wood particularly good, all 
breakages occur in the wood, whose strength at right angles to the grain, as it 
turns out, we are measuring in every test. 

Joints cut out in this way, however, have proved very useful on occasion. 
In investigating the rationale of glueing airscrews, when it was necessary to 
determine the advisability or otherwise of glueing up the laminz of airscrews with 
the greatest possible speed or with a studied dilatoriness, test blocks were made, 
each representing an airscrew. 

There were three mahogany blocks built, one with warm lamine in a warm 
shop, one with warm laminz in a cold shop, and one with cold laminz in a cold 
shop (Fig. 8). 

The laminz were superimposed at intervals of two minutes and clamps applied 
after the last joint. The number of the joint therefore indicates half the time 
which elapsed between the putting of the wood pieces together with the glue in 
between and clamping up. 


The results are plotted on the next slide (Fig. 9). 


Although in this single experiment there is provided no excuse for final 
judgment, there is presented definite encouragement, borne out as it happens by 
collateral experiments :— 


(1) For glueing up airscrews with warm lamine in a warm room, when 
hot glues are employed; and 

(2) Giving the glue some time to soak into the grain of the wood before 
clamping up. 


Before finally leaving the subject of glue, it would be a pity not to refer to an 
interesting series of joints made with the same glue dissolved in different 
concentrations. 

The dilutions of the glue in the four cases were as 1 is to I, 1 is to 14, 1 is 
to 2, 1 is to 3, but the results obtained in the series of joints were indistinguishable 
from one another. It would appear that under the circumstances of the experi- 
ment the strength of the joint was, within these limits, independent of the 
concentration of the glue. 
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What is the significance of this? Is there here some automatic adjustment 
giving us, say, better penetration with a thin glue and thus a better keying, 
although the strength of the solidified glue running into the interstices of the wood 
is, in this case, not so great, or, on the other hand, is there another factor of 
glueing which we have not yet considered ? 

Glue will stick together two pieces of glass in such a way that when the joint 
is torn asunder it is the glass that breaks. 
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Canada Balsam will make a joint in a similar way, and it is well known, 
and, commercially, use is made of the fact that two pieces of flat glass, pressed 
together become one and the same piece. 

In the last case, adhesion has occurred without the use of any intermediary 
adhesive, and the explanation would appear to be not different from that of solid 
masses. 

Remembering the transition of ideas from our conception of the glued joint 
to the sticking of two pieces of glass, it is legitimate to travel back again and 
consider whether in understanding glued joints we shall some day be led to 
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consider not only the mechanical properties of solidified glue, the mechanical 
properties of the wood, and the nature of the penetration of the one into the 
other, but also to arrive at a fuller understanding of the whole phenomenon of 
adhesion. As the latter is wrapped up in our knowledge of solidity, and as that 
knowledge must be also the basis of any conception of shearing stresses, appeal 
must be made to theory of solid matter in any exhaustive inquiry of this nature. 
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There is at present, of course, no satisfactory theory of solidity, for though 
adhesive forces have been computed and measured, their origin is not understood, 
and there has been little serious speculation as to their nature. 

Linen fabric stretched over the skeleton framework of the plane and fuselage 
weighs about 4ozs. per square vard, and no matter how tightly it were stretched, 
it would ‘* give,”’ and change its tautness with every momentary change of 
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atmospheric humidity. It would, alone, prove a most unsatisfactory substitute for 
our present supplies in this direction. 

The linen fabric has therefore to be ‘‘ doped,’’ and it is well to state here and 
now what doping is for, how it is done, and what are the chief characteristics of 
a really good dope as we look at this matter to-day. 

It must draw up the fabric to that degree of tautness which is desirable. 
Too great tautness will buckle the structure not specially designed to withstand 
the pull, while too little tautness detracts from the performance of the machine 
in flight. 

It must, either of itself or in conjunction with some auxiliary covering 
material, vary in tautness as little as may be under varying conditions of humidity 
and intensity of illumination. It must maintain these properties for as long a 
time as possible under the severest weathering conditions, whether they be 
bright sunshine, dew, or the generous driving rain of castor oil which affects the 
tail planes of pushers. 


The increase of weight to the machine, as the result of doping, must be as 
little as possible, and when the dope finally cracks we must find the fabric beneath 
weakened as little as possible. 

It might be added, in addition, that it must be of such a nature and 
composition as to be producible in the country called upon to manufacture it. 


We may regard the technology of dope as being a simple but highly specialised 
branch of the plastic industries, and just as in the arts acetyl cotton and nitro 
cotton are more or less interchangeable, so it is not surprising that dopes may be 
made with either one or the other of these two film-forming materials. 


The impetus given to the development of the acetyl cellulose industries lies 
in that acetyl cotton has not that essential factor of inflammability that nitro 
cotton possesses. 


It is, of course, possible, and very often necessary, to mix in with the nitro 
cotton materials to render it less inflammable, but there are certain disadvantages 
of doing this, and the balance of advantage and disadvantage is held between 
cellulose acetate, on the one hand, and cellulose nitrate, coupled with a non- 
inflammatory agent, on the other. 


Dope is, then, a solution of a film-forming material, either nitro cotton or 
acetyl cellulose, dissolved in a suitable solvent. When the solution is applied to 
the fabric the solvent evaporates, leaving the film deposited on the fabric, and as 
the last traces of the solvent pass away into the air, the film hardens and shrinks 
and the tightening effect is observed. 


Such films are too brittle to be ideal, and they would be short-lived and 
otherwise unsatisfactory in practice ; therefore plasticising agents, that is to say, 
materials which soften the film, waterproofing agents, that is to say, materials 
which make the film less sensitive to variations of humidity in the air, and possibly 
a fireproofing agent, must also be dissolved in the: mixture if it is to be a satis- 
factory dope for commercial use. 

The formula of a typical dope is as follows :— 

Acetyl cellulose... ee -5 per cent. by wt. 
Triphenyl phosphate 

Benzyl alcohol 

Acetone 

The acetyl cellulose is the film-forming material. Triphenyl phosphate mixed 
with it renders it partially immune to variations of atmospheric humidity. The 
benzyl alcohol softens the acetyl cellulose, while the acetone dissolves all three 
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materials and, when it evaporates, leaves the film in a satisfactory condition. 
Other materials may be added, each with its definite object in view. 

It would be unkind perhaps to specify in all cases what these objects were. 

Now what are the considerations affecting the tautness of the newly-doped 
fabric? 

If the fabric is originally very tightly stretched, the first coat of dope will 
let it down, but after five coats have been applied the final taut result is the 
same, whether the fabric in the first place was slack or not. 

Diagram 59 shows the relationship between *‘ grammes wt. applied to the 
centre of a standard frame ’’ and the ‘‘ tautometer reading ’’ (depression) caused 
for coats S, Sr., Su., Sur, Stv., Sv. on slack fabric and T, T1, Tu, etc., on 
fabric taut in the first instance (Fig. ro). 
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Tautness is the greater the more rapid the evaporation of the solvent ; methyl! 
acetate, methyl formate, acetone in abundance in the solvent all lead to tautness; 
this is lessened by the plasticising agent added, e.g., raftite gives a much tauter 
result if the benzyl alcohol is left out. 

The tautness increases with the number of coats up to a certain point, and 
then each successive coat makes less and less difference. 

It is, however, independent of the tautness of the original fabric and of the 
specific viscosity of the particular cellulose employed. 


TAUTOMETER READINGS. 
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Ss 
Tr 
gO ZA 
© 50 100150 200 300 400 500 | & 
GRAMMES 
FIG. to. 

oO 2 3 4 + 5 

200 200 200 200 500 50 

.. 50 30 21 18 32 24 

eee 30 20.5 18 32 24 


January-March, 1917] THE AERONAUTICAL JOURNAL 


Now the tautness or otherwise of doped fabric is not dependent solely upon 
the nature and mode of application of the dope. The texture of the fabric is of 
great importance, i.e., the number of threads to the inch, the closeness with which 
they are woven, their weight, and the amount of twist, and so on. 

| have two slides showing two samples of fabric differing not in count, but 
in the closeness of the thread. 

These were sent back from France with the statement that one was satis- 
factory and the other not. 

To the naked eye scarcely any difference is observable, but in the photograph 
it can be seen that the second cloth (S) is more open than the first. 

Other things being equal, the degree of twist of the threads plays an 
important part; there is an optimum degree of twist, I am told. 

This question of relationship between the nature of the fabric and what one 
may call the specific tautness is a very complicated one, and I have not been able 
to get in touch with all the work which has been done on it. 

Here, again, one is faced with the unknown ! 

For the present we are carrying on as best we can with such foundations 
of general experience and opportunities for making observations as are given us, 
but if not during the war, it will certainly serve us well afterwards to go back to 
the fundamental beginning of things and take up this system of a cellulose acetate 
gel laid on and impregnating a fibrous structure, and see what its nature really ts. 

We know that dope on chiffon gives extreme tautness, dope on fabric of 
lower count and greater weight than the standard fabric gives us slacker results. 
On finer fabric than 17.C the result is scarcely any tauter. On cotton, whether 
scoured or containing size, the whole thing becomes so chaotic as to be un- 
serviceable, and there is no chemical distinction we can make between cotton 
fabric which is hopeless and that which one might almost use. 

For some reason intimately associated with the cotton fibre as compared with 
that of linen there is a certainty of initial slackness and, later, disintegration of 
the dope film when cotton is employed. 

For the present, however, the standard fabric, known to many of us here as 
17.C, is the best thing we know of for all-round work, whatever developments 
for special purposes may be upon us in the near future. 

But what has been in the past the greatest possible nuisance to us is the 
question of lubricant used on the warp threads in weaving. 

If the shuttle is not to fray the warp threads, it appears that some lubricant 
must be used, and, despite the use of sago flour, starch, and such things, it seems 
that a little tallow in addition is necessary. 

This tallow produces, in doping, most extraordinary results. 

Here is a piece of fabric, D.S. 680, which has been washed with a view of 
removing all the tallow, but the washing was not complete, and there is enough 
tallow left to produce the results which I am now able to show you. 

The first effect of tallow is to make a bubble, and as this piece of fabric has 
been doped conscientiously, that is to say, the first coat of dope well rubbed in, 
the bubble has formed on the under-side of the fabric. When it had dried a 
section was cut (Fig. 11). 

After five coats of raftite the effect on the lower side of the fabric was this. 
The residue of the dope has been deposited not on top of the fabric as it should be, 
but on the’under-side of the fabric on the top of some enormous bubbles (Fig. 12). 

Microscopic examination of this dark mass shows the fat globules which have 
been dissolved out of the fabric. 

I take this opportunity of showing you a piece of callendered fabric. You 
can see how the threads have been squashed out. Unfortunately the fabric had 
not been washed, so that the dope did not penctrate properly. 

Also this effect may be in part due to the dope being too viscous; one would 
expect that from the air bubbles present. 


In such a case of course the dope film can be stripped right off the fabric in 
one operation (Fig. 13). 
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Continued practice gives one a sense of tautness as it were, and after a while 
one supposes one can tell the relative tautness by sense of touch or sound. 

There are various ways, however, of measuring relative tautness. 

The obvious way is to measure the depression caused by adding a certain 
load to the middle of a frame of standard size. We have called such an instrument 
a tautometer. 

However, we are all looking for an instrument which may be applied in any 
workshop or acrodrome to any plane or spare which will give a correct measure 
of the tension. 

A valiant attempt, if not a complete solution of the difficulty, is found in the 
tensionmeter designed and sold by the British Emaillite Co. 

Now the dope film is porous not only to water, but to water vapour. It does 
not necessarily follow, of course, that it is porous to air. 

The absorption of water vapour leads to the slackening of the dope film. 
When the film is applied to the fabric of course the absorptions are complicated 
by the fact that the fabric tautens with the absorption of moisture. 


MiG. “22. 


FIG. 


The pilot, however, does not want this slackening of his plane as he passes 
through a cloud, so that an external protection is given to the dope by the 
application of waterproof varnishes. This protection only lasts till the cracking 
of the varnish, and any such material must not flake off from the dope, and must 
have lightness and sufficient flexibility to follow the variations in form under the 
stress of flight without cracking. 

Light has a great effect on tautness. “Turned towards the sun, the dope film 
is braced, but its subsequent slackening in darkness is the greater for such 
exposure. 

I assure you the sudden closing of the scarlet pimpernel when the last rays 
of the sun have left it is not more sudden than the way in which a whole row of 
frames covered with dope will slacken off as soon as the direct rays of the sun 
no longer fall on them. 

But the strange part is that there is recovery, and half an hour later, perhaps 
before twilight has actually deepened into night, it will be found that almost the 
original tautness has been restored. 

One is faced the whole time with this continual desire for knowledge. Here 
is one simple thing, the recovery in the dark of these films which slackened off 
when darkness first came upon them. It is not the fabric getting wet, though 
that effect comes later. 

The condition of the composition of doped fabric is the resultant of the effect 
of heat and light upon the dope itself, and on the fabric. These effects do not 
reach all parts of the system simultaneously, and the results are very complicated 
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both in their nature and sequence. In addition, there is the effect of past 
exposures of the dope film to light. 

The effect of these past exposures is surely but an outward and visible sign 
of the internal molecular disintegration of the dope film, and the day ultimately 
comes when the film begins to crack, and then follows the rapidiv-approaching 
end. 

Here is where the chemistry of dope begins. What are the conditions 
lengthening the life of this film? What are the agents decomposing, and what 
path do these decompositions follow ? 

When tetrachlorethane was used as a softening agent it was discovered that 
the decomposition of this material brought about most serious consequences. 

There is evidence to show that traces of rust accelerated the cracking of 
films containing it, though I doubt whether all commercial samples of tetrachlore- 
thane have equal stability to light. 

It is a matter beyond controversy that some cellulose acetates are more 
stable, but all this danger was wiped out in a moment when the Royal Aircraft 
Factory developed the brilliant expediency of combining, without any increase of 


weight, a waterproof covering material which protected at one and the same time 
the dope film beneath it from light and moisture and the volatisation of the plastic 
agent. 

P.C. 10, coming into use at the critical time it did, brought with it the 
natural result of careful scientific forethought and preparedness. 

It needed the sterling groundwork of Captain Grinsted, Dr. Ramsbottom, 
and Mr. Aston, with the encouragement of their Chief of those days, Colonel 
O’Gorman, to understand what was wanted, devise the required material, and 
arrange its timely issue for general use on the commercial scale. 

The study of the external wing structure with all its minutie, which may 
perhaps seem of no great importance, but in the aggregate amounts to so much, 
has been fostered and has thrived in the R.A.F. Laboratories. 

As a comparative newcomer in these matters, it is a duty to pay this homage 
to this band of men. 

In illustration Fig. 14, which is a microphotograph of a section, the dope has 
been applied rather too thickly ; however, half this amount is ample, and _ the 
P.C. 10 on top is readily seen. 

Using the same basic materials, but changing the pigment, the R.A.F. 
colours are obtained. These key on to the dope, and last as long. Ordinary 
enamels and paints possess many disadvantages, among which is that of only 
transitory adhesion to the doped fabric. 

Following the evaporation of the solvent, the dope residue is not always left 
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in a homogeneous transparent film. If the air is moist and moving, the cellulose 
acetate may be precipitated from solution before it is deposited by evaporation, 
and then ‘‘ whiteness ”’ will appear. 

Under certain conditions, too, there may be air bubbles formed in the dope 
which do not escape before they are imprisoned. This is shown very well in 
Figs. 4 and 7, which is a piece of fabric from the warping edge of a Caudron 
plane, which being one piece of fabric exposed to the air on both sides is doped on 
both sides. The dope goes on one side successfully. When applied to the other 
side the bubbles formed cannot escape. This is shown in the Section 7. 

In either case carly disintegration of the film follows. 

The exposure of these doped frames, of course, gives us information as to 
the durability or otherwise, under the conditions of weathering to which the 
frames are exposed, of the doped frames in question. 

But the experience is static. It represents the durability of a dope film on 
an aeroplane which has not flown. 


Fia. 


What is required, in addition to this information, is how the film will stand 
up to continued variations of load accompanying extended flight. One feels 
discontented with simply putting frames out on the roof to face sun and rain, 
It would be better if they could demonstrate their durability against wind as well, 
It may be advisable to rig up some sort of a machine which will apply, as it were, 
a pneumatic load on to the force of the frame intermittently for days on end 
simultaneously with the weathering. 


I have often wondered whether we should get the same numerical order of 


capacity to resist weather if the series of dope frames under review were exposed 
to varying pressure at the same time. 


I certainly think this matter should be looked into. 

Now quite apart from dope and protective varnish, etce., which are used on 
fabric, there are, of course, the other covering materials which keep from 
woodwork those effects of alternate wetting and drying which play such havoc. 
Luckily, in any civilised community there is abundant experience in protecting 
woodwork from the effects of weather. 

That elegant structure, the hansom cab, sturdily resists to-day such rude 
shocks as buffet it in its momentary appearances. But these layers of paint and 


| 
jam ** 
Fic. 4. 


lose 
ion, 


ope 
| in 
ron 

on 
her 


January-March, 1917] THE AERONAUTICAL JOURNAL 


varnish were applied, irrespective of the labour involved and the time the many 
coats took to dry---appearance was prized highly, as was the permanence of the 
job. 

It was a common thing for 24 coats of varnish to be applied, each coat being 
rubbed down with pumice and water before the final coat was applied. This 
would take one month, or an aggregate of 720 hours. 

The finishing of a two-bladed airscrew in this fashion would take 54 men- 
hours. 

These traditions were handed down, more or less, to airscrew manufacturers, 
with the result that early airscrews took a most prodigious time to complete. 

Later, airscrews were French polished, an operation only taking seven or 
eight hours for a two-blader, the man working continuously. The result was not 
in any sense an efhcient protection against weather, while it was a matter of 
personal opinion whether the appearance was pleasing. 

It was necessary to establish the best method of finishing airscrews, and, 
after consulting all the leading varnish manufacturers, a tourney was held in a 
flowery dell close to Runneymede, and there entered the lists some five old men, 
who had that pride of craftsmanship which is dying all too rapidly in these days 
of eight hours and Trades Unions. 


But in their hands were modern materials, and each man had his ‘* wind- 
stick *’ to finish off and leave to the mercy of the dews of evening and the 
summer sun. 

At the end of 13 weeks the airscrews were tested in petrol, boiling water, 
and that particular luxury which our friend Mr. George Graves refers to as 
boiling oil.” 

The handiwork of one old fellow stood up to all this, and on his artistry is 
based the modern method of airscrew filling, which I commend to you in all good 
faith. 


You will see the time taken to apply a really hard coating to protect a two- 
blader against weather is now five men-hours, and the whole time it is in the 
shop is only a few days. 


Mr. Lang, who was, as it were, the Queen of Love and Beauty of the tourney, 
follows up this treatment by two hours of gentle massage with the pumice block, 
but I put that down more to his professional enthusiasm for a beautiful appearance 
than to the requirements of his contracts. 


Fibre. 


There is another material we have looked into, and that is fibre—the ordinary 
red fibre which we are accustomed to sce used for all kinds of odds and ends in 
machinery. It is used, of course, where something is wanted which will be 
non-conducting, but nevertheless hard and tough and readily machined. 

At first sight this material would appear to be isotropic, but this of course 
is not the case. 


FOUR SAMPLES OF FIBRE. 
Per cent. increase in weight after 60 hours exposure to damp atmospheres. 
Saturated 
water vapour 


Sample. 38% humidity. humidity. 100%, humidity. 
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Per cent. increase in weight after immersion in cold water. Equilibrium reached 
in 48 hours in all cases. 


Sample. of increase in weight. 
/ 
I 51.2 
44-3 
3 44-2 
4 0.52 


Per cent. increase in dimensions in saturated water vapour. 
Saturated water vapour for 


60 hours. Water for 48 hours. 
% increase in %increasein % increase in % increase in 
Sample. length. breadth. length. breadth. 
I 3.84 1.03 37.0 7.0 
2 4.61 1.02 44.4 3°5 
3 4.02 1.14 35-4 2.9 
4 1.61 0.16 nil nil 


It is made by taking sheets of paper, one above the other, and submitting 
them to very great pressure indeed in a wet condition. After the application of 
this pressure the material is slowly dried out and fibre results. 

This drying is naturally accompanied by a contraction, and it is not surprising 
that in the presence of moisture the fibre swells again, but it does not swell 
equally in all directions. It swells very much more in the direction at right angles 
to the grain, as it were, than in the direction parallel to the original paper sheets. 

Figures ‘llustrating this are given in this table, and you will see that different 
kinds of fibre were tried and were found to expand in this way to difierent degrees 
of humidity at various times. 

This expansion of fibre to moisture is, of course, rather a disadvantage. 
We all know how the bell crank lever of a magneto is apt to jam in wet weather. 
To minimise this, the little fibre bush is always cut in such a direction that the 
expansion does not take place in the direction of the diameter—that is to say, the 
big expansion, the expansion that would jam the lever, takes place lengthways 
in the bush. 

It is a matter of knowledge that in spite of this precaution jamming does 
occur, so that there is a distinct utility in the fibre which does not expand. This 
is the material No. 4. 

This fibre, which we have discovered commercially, although it has a grain, 
has been waterproofed before compression, and it is afterwards quite insensitive to 
changes of atmospheric humidity. 

Another valuable property of fibre is that of insulation, and in this respect 
the material No. 4 does not in any way fall short of the ordinary red fibre of 
everyday use. 


Conclusion. 


Now all these things which we have been talking about are, I feel sure you 
will agree with me, intensely unsatisfactory, in that our knowledge with regard 
to them needs amplifying and setting on firmer foundations. There seems to be 
no finality with regard to them, but it is just that particular quality which has led 
my colleagues and myself to make a special point of devoting to them our whole 
attention and such experience as we can use in this service. 

It is where the engineer fails, where the pure chemist falls short, where the 
designer has quantities and qualities to deal with about which he really needs that 
definite information which is only too plainly lacking. 

Just in these cases where things become really difficult and sound judgment 
and common sense weigh heavily in the balance against anything that can be 
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written on paper in the form of schedule or specification, it is just these difficulties 
in aircraft construction which my colleagues meet, face cheerfully, and, I trust, 
will eventually destroy. 


DISCUSSION. 


Mr. C. H. Gray: It comes somewhat as a surprise to me to be asked to open 
a discussion on the very interesting lecture which Captain Walpole has just 
given us on the subject of the less satisfactory materials used in aeroplane work. 

The only part of this subject on which I can speak with some knowledge is 
that of tyres and rubber articles generally. As far as I can gather from Dr. 
Walpole’s remarks and from the slides he has shown us, it seems that the tyre 
and wheel employed in aeroplane work give fairly satisfactory results in use. 
Therefore I do not feel the necessity of raising any point in that connection. 

With reference, however, to the rough sketch made by Dr. Walpole on the 
blackboard showing a form of rubber shock absorber which gave unsatisfactory 
results in use, I must confess 1 am not surprised, as the design of the shock 
absorber is one calculated to bring about the faults complained of. The conditions 
under which the rubber ring is working produces unequal tension and excessive 
friction on the stationary pins and also between the two inner faces of the rubber 
ring itself. Under the influence of a sudden load brought to bear on a rubber 
shock absorber so designed, there is no doubt in my mind that sooner or later the 
ring would part, either at the stationary pins or at that point where the two 
surfaces come into frictional contact, as it must be borne in mind that rubber 
under tension is very liable to part if it comes into contact with any inequality of 
surface or any small piece of foreign material either on the stationary rings or 
lying on the inner rubber face itself. This fact is clearly demonstrated by taking 
a piece of rubber, stretching it, and nicking it with a knife when stretched. The 
rubber will at once be fractured at that point. 

With reference to the apparently different action of dope on cotton and flax, 
is it not possible that these varying results may be due to the variation in form 
of the two fibres used, the fibre of cotton being somewhat in the form of a 
corkscrew, whereas flax is a straight fibre with little or no resiliency when under 
tension ? 

In connection with the manufacture of tvres, many years ago I had occasion 
to make experiments as to the resisting powers of these two fabrics to a continuous 
vibratory effect, and I found that although originally the flax fibre had a higher 
breaking strain than the cotton, vet, weight for weight, the cotton proved the 
more satisfactory in breaking strain after being subjected to a prolonged vibratory 
test. 

Dr. Walpole has, no doubt, taken this peculiarity into consideration when 
making his dope tests. 

Dr. Walpole, in my opinion, has done a very useful work in giving this 
lecture, as it brings the designer and the manufacturer of materials more closely 
together. Such a combination makes for good and durable work, and I am sure 
that all present agree with me in thanking Dr. Walpole for the time and thought 
he has put into the very interesting lecture we have had to-night. 


Colonel Warertow : I was much interested in what the lecturer had to say 
on the subject of landing wheels and the stresses to which they were subjected. 
As has been mentioned in the technical Press at various times, when, in 1915, 
the Royal Naval Air Service decided to manufacture airships in numbers, they 
used the fuselage of a B.E.2c aeroplane to form the airship car. These were at 
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first fitted with their wheels. .\ very short experience showed that first the tyres 
were ripped off and afterwards the wheels themselves buckled. Finally wheels 
were abandoned entirely, and no difficulty has been experienced by their absence. 
We have now turned to what the lecturer described. as a ‘‘ pudding.’’ It is 
necessary to have some form of landing gear on an airship which will serve to take 
the concussion of a heavy landing, and will also act as a float when alighting on 
the water. This can be well provided by a pear-shaped body of rubber, 
strengthened for preference, in a manner analogously to that employed in the 
Palmer cord tyres. Smaller *‘ puddings ’’ about the size of a football have been 
employed on many French airships, notably those made by the Clement Bayard 
firm, to reduce shock on landing. 

I would like to have heard a good deal more on the subject of the specimen 
of balloon fabric shown. 

A good deal of experience has now been gained in the R.N.A.S. on, this 
subject. Experience shows that rubbered cotton fabric will hold gas, if well 
made, very well when new, but it deteriorates very rapidly when exposed to light 
and weather. ‘This deterioration is primarily due to the action of the ultra-violet 
rays of sun and daylight on the rubber: the rubber oxidises, loses its power of 
holding gas, and perishes. Various dyes, such as lead chromate, may be used 
to cut off these harmful rays and give the fabric the brilliant yellow colour for 
which many pre-war airships were noted. Aluminium powder in a suitable base 
may also be used, and is very much more effective than any dye. 

So much for protection against light. The fabric also needs protection 
against wet, especially when, as is often the case with kite balloons, they have to 
be kept out in the open at night. 

The moisture does not have a directly harmful effect, but its weight seriously 
diminishes the lifting force of the gas, and is for that reason undesirable. 

Various dopes and varnishes can be used to give a waterproof coat: in the 
R.N.A.S. we use Delta dope, which was originally invented at the R.A.F., and 
there is no reason why this should not be applied to kite balloons and nurse 
balloons both for its wet-resisting and also gas-holding properties. It is trans- 
parent, and can be applied over the green dye at present employed without 
materially altering the colour. 

I would like, lastly, to ask the lecturer where the little instrument used for 
measuring the tautness of planes can be obtained. We have had some of our 
scientific staff engaged for some while in an effort to produce an instrument 
«capable of reading the stresses in the fabric of an inflated envelope. The stresses 
are twofold, a hoop tension and a longitudinal tension, the latter being, very 
roughly, half the former. I don’t know whether the instrument referred to could 
measure these stresses, and should be glad to have further details of it. 


Mr. HanpLey Pace: One section of the unsatisfactory materials to which 
Dr. Walpole referred is that dealing with wood. 1 should like to ask Dr. Walpole 
if he has had any experience of or knows of any test results on the artificial 
seasoning of wood without the, detrimental effects usually associated with kiln 
drying or other processes. In particular, I would inquire if he has had any 
experience of the Powell process of wood seasoning, in which the sap of the wood 
is replaced by glucese, the wood being boiled in a solution of molasses. 


I was extremely interested in the slide shown for rubber cord, braided and 
in the natural state. Some time back, when designing the chassis of our big 
machines, I had a large number of experiments carried out on different kinds of 
rubber cord, and found enormous variations, due to :— 

(1) The initial tension put on the cord; 
(2) The angle at which the braiding on the outside is wound. 


If the latter is wound at a coarse angle, a small extension of the cord has the 
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effect of putting all the tension on the braid instead of on the rubber, and the 
rubber is used very inefficiently. In addition thereto, if the cord is used so that 
the stress comes on the braiding, there is liable to be movement between the outer 
and the inner braidings, and the cord rapidly disintegrates. 

To get the best results out of the cord, the braid requires to be wound at a 
very fine angle, the initial tension depending on the number of cords that are to 
be used for the machine and the weight of the machine. 

1 should like to ask Dr. Walpole if he has had any tests carried out with 
braiding at different angles, and the extension that he could obtain without 
‘“coming on to the braid.” 

Mr. Wuirr SmitH: I should be glad to know whether any research has been 
directed to ascertain the possibility of reducing the dope required per machine. 
At the present time the quantity used on B.E. machines is 15 to 16 gallons, most 
of which evaporates, and it would seem desirable that this point should be borne 
in mind to endeavour to use fewer coats. 


Colonel BAaGNaLt Witp: I should like Captain Walpole to give us an opinion 
as to the relative weights per vard of a plane of fabric, dope, and varnish. 

Dr. GOLpsMiItH congratulated Captain Walpole on his most interesting 
lecture which had arisen from the inspectional procedure of Captain Walpole 
and his colleagues and which covered a field which was but little touched upon 
in the literature of the subject. 

The first aeroplanes were not doped with cellulose acetate compositions, but, 
according to the information at his disposal, and he would be glad of the lecturer’s 
opinion on the point, the order in which the different compositions were used was 
the following :— 

First of all rubbered canvas, then oiled canvas, next canvas coated with 
collodium containing castor oil. An interesting dope was tried during this 
period of construction by the French pilot Voisin, who had been an art student. 
He employed the same flour paste which he had formerly used to tighten canvas 
on an easel, and his aeroplane, when flown in dry weather, did not bulge as badly 
as those covered with rubber. In consequence of his relative success, gelatine 
and similar substances were employed, but were much more sensitive as regards 
equilibrium with the moisture of the air than cellulose acetate, which the lecturer 
mentioned. A fatal accident to Delagrange was caused by his gelatined aeroplane 
being caught in a shower during flight. Next H. Farman succeeded in partly 
protecting the gelatine by covering it with resin-sized paper. 

Cellulose acetate was first suggested in the form of films for fastening to the 
canvas by Miller in 1g09, and the cellulose acetate dopes began to be used in 
1910. 

In conclusion, he was obliged to differ from Captain Walpole’s remark that 
cellulose acetate corresponded to cellulose nitrate, for a cellulose acetate possessing 
similar plastic properties had been sought for many years without success. 


Mr. J. HvesNer pointed out that in addition to tallow, substances such as 
paraffin wax, palm oil, spermaceti, Japan wax, etc., are frequently employed in 
the preparation of sizes, and that it might therefore be advisable to investigate 
the effect produced on the dope when substances such as these are present in the 
fabric. 


He should like to express his appreciation of the most excellent photo- 
micrographs of sections of doped fabrics. More than twelve months ago he had 
applied this method of investigation to rubber-coated fabrics, and the results 
shown to-night by Captain Walpole had fully convinced him that more importance 
should be attached to the microscopic examination of these fabrics. 


As regards the remarkable difference in the behaviour of cotton fabrics 
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towards dope, as compared with linen fabrics, he ventured to suggest that this 
might be partly due to the air present in the wider canal of the cotton fibre. 
Further, it is well known that the linen fibre is more readily penetrated by 
solvents than the cotton fibre, and the colloidal matter present in the dope might, 
therefore, penetrate the cotton fibre less readily than the linen fibre. 


He wished to express his indebtedness to Captain Walpole for giving him 
the opportunity of being present at his most excellent and stimulating lecture. 


Dr. DreyFus: My only object in speaking at all is to place at Captain 
Walpole’s service the results of some very thorough experiments that 1 and my 
brother have made to find a product to give to cellulose acetate the property of 
resisting water more completely. Captain Walpole mentioned that a_ better 
protection was required than at present known, and that his experiments with 
vaseline oil were not successful. In the course of my development of cellulose 
acetate for the last ten years, one by one disadvantages of various kinds have 
been overcome, and the tremendous development of aircraft generally has proved 
the unequalled value of cellulose acetate as a protective covering for the planes 
and gasbags in use. I am of the opinion that a varnish can be provided with 
greater weather-resisting qualities than any varnish now in use. I should like 
to know whether Captain Walpole has experimented with castor oil to assist in 
rendering cellulose acetate varnish waterproof. 


Captain WaLpoLe: No. 


Dr. Dreyrus: I should like to meet Captain Walpole afterwards and place 
the records of my experiments at his disposal, which I believe, and hope, will be 
to the advantage and efficiency of cellulose acetate varnishes for aircraft 


generally. 

I take this opportunity of thanking the Society for giving me such a 
pleasurable and interesting evening, and to congratulate vou on securing such a 
large audience of the leading men in the aeronautical world. I must congratulate 
the lecturer in succeeding in making his lecture interesting and instructive to both 
the layman and scientist alike. 


Captain WALPOLE replied briefly. 
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Tae FOURTH MEETING of the FIFTY-SECOND SESSION was held in 
the Royal Automobile Club, on February 28th, 1917, at 8.0 p.m. Brigadier- 
General W. S. Brancker presided and briefly introduced the lecturer. 


“FOG CONDITIONS.” 


BY MAJOR G. I. TAYLOR. 


If fog be regarded as any condition of the atmosphere near the ground when 
objects at a distance are hidden by small particles in the air, it is convenient to 
divide fog into two classes—those in which particles are so small that they would 
take a long time to fall to the ground, and those in which the particles are large 
enough to fall fairly quickly, but in which the supply of particles is continually 
replenished, so that the air does not clear itself. In this second class would be 
included sandstorms, in which the supply of particles is replenished from below, 
and fine rain, in which they come from above. Pilots, however, are not much 
concerned with fogs of this class. In the first place, sandstorms do not occur in 
England; and in the second place, on the occasions when a fine rain is indis- 
tinguishable from fog or mist, the clouds are very low, and a pilot would be 
unlikely to be flying in any case. I have therefore limited myself to togs of the 
first class. 


Fogs of this class may again be divided into two kinds—those which consist 


of small drops of water which have been precipitated from vapour in the air, and 
those which consist of smoke or dust particles and occur only in targe towns or 
in manufacturing districts. 

In some ways the latter are the simpler, because when considering the 
formation of such fogs we are not so much concerned with the actual formation 
of the fog particles, but rather with the atmospheric conditions which prevent 
them from dispersing. There are two ways in which the particles can get away 
from the immediate neighbourhood of the chimneys from which they are 
discharged. They may be carried away by a wind, or they may be carried 
upwards by vertical! convection currents. Two conditions are necessary for the 
formation of a smoke-fog ; firstly, the wind velocity near the ground must be very 
small, so that the air may collect enough smoke to form a fog while passing over 
the town ; and secondly, the air near the ground must be relatively cold compared 
with the air higher up for a period sufficiently long to collect enough smoke to 
form a fog. 

The relative coldness of the air near the ground has the effect of stopping 
the formation of vertical currents, which would tend to disperse the smoke 
upwards. When the air near the ground is cold the fog is therefore confined to 
a comparatively thin layer close to the ground. This condition confines the 
occurrence of smoke-fogs to the winter, for it is only at that time that the ground 
is cold for a sufficiently long period to allow enough smoke to collect to form a 
fog. The amount of wind which will prevent the formation of a smoke-fog 
depends on the size of the town, but it is evidently very small. | Suppose, for 
instance, that it would take 24 hours for the air to collect enough smoke to form 
a fog if there was no wind at all; then if London is 24 miles across, a wind of 
only one mile per hour would keep London free from smoke-fogs, because the air 
would not be over the town long enough to collect enough smoke to form the fog. 

When very light winds occur in the summer, the vertical currents in the 
daytime carry the smoke into the higher layers, where the wind is usually 
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stronger, so that the smoke gets carried away. Occasionally, however, the wind 
is very light throughout the whole of the first 6,000 or 7,000 feet. In that case 
the smoke is carried by the vertical currents during the day up into the upper 
layers, but it is not carried right away. In this way it forms a haze which is 
sometimes sufficiently opaque to obscure the sun, though it is nowhere thick 
enough to be called a fog. Very light N.E. winds continuing for a period of 
several days will sometimes carry this haze quite a long way from London. On 
one occasion, when it spread over Farnborough, I found that it extended to a 
height of 7,000 feet, and that above that height the atmosphere was perfectly 
clear. On that occasion it was possible to see a small area of ground immediately 
below the aeroplane from which the observations were made, for the first 5,000 
feet of the ascent. If the same general atmospheric conditions had occurred 
during the winter, it seems probable that the coldness of the ground would have 
prevented the formation of vertical currents during the day. The smoke would, 
therefore, have remained close to the ground, and a fog would have resulted. 


It sometimes happens, even in winter, that a comparatively high temperature 
in the ground prevents the formation of fog when all other circumstances would 
lead one to predict one. An occasion of this kind occurred on February 21st, 
when Mr. E. V. Newnham, who had been assisting me in these investigations, 
was forecasting at the Meteorological Office. On that occasion the air over 
London was quite stagnant, and practically saturated with water-vapour owing to 
a few days of rain. Under these circumstances it has been customary to predict 
fog in London. Mr. Newnham, however, took account of the fact that the air 
had been very warm for several days previous to the 21st. He was of opinion, 
“therefore, that the ground must have been warmed up enough during the warm 
interval to prevent the formation of fog. Accordingly, he forecasted that fog 


would not appear, and, as it turned out, he was perfectly right. This example 
shows clearly that the question of whether or not fog is likely to form in the 
course of the night does not depend only on the atmospheric conditions at the 
time of the forecast, or the general conditions forecasted for the night. It 
depends also, to a large extent, on the sequence of weather for some days previous 
to the time of the forecast. 


We now turn to the most complicated and, at the same time, the most 
frequent source of fogs, the condensation of water-vapour in the air. The 
condensation is due either to cooling or to the mixture of two masses of air at 
different temperatures and containing different amounts of water-vapour. 


Before discussing the various causes which may lead to the cooling of air 
<ontaining water-vapour, it would be well to explain why cooling and mixture 
may lead to the deposition of fog. For this purpose the diagram shown in Fig. 1 
is useful. In this diagram the state of the air at any time is represented by a 
point. The abscissa, that is, the horizontal distance of the point in question from 
the left-hand side of the diagram, represents the temperature of the air. The 
ordinate, that is, the distance from the bottom of the diagram, represents the 
vapour-pressure or proportion of water-vapour contained in the air. Any change 
in the state of the air from one condition to another is represented by a line (not 
necessarily a straight line) joining the two points which represent the initial and 
the final conditions of the air. All the states of the air intermediate between the 
initial and the final states are represented by points on this line. 


The usefulness of the diagram in considering the condensation of vapour 
arises, firstly, from the fact that direct cooling of a mass of air is represented by 
a horizontal straight line, because cooling alters neither the vapour-pressure nor 
the proportion of water-vapour contained in the air; and secondly, from the fact 
that if two masses of air represented by two points, A and B, say, are mixed in 
such a way that no heat is lost, the point which represents the mixture lies on the 
straight line joining A and B. If there is a larger proportion of the air represented 
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by A in the mixture, then the point representing the mixture lies nearer A than 
B in the line AB. 


At any temperature air can only contain a certain proportion of water-vapour. 
When it has this proportion mixed with it, it is said to be saturated. The amount 
of water-vapour which air can hold depends on its temperature; the higher the 
temperature the greater the amount of water-vapour. All the points which 
represent saturated air on the diagram lie on a curve, called the saturation curve, 
which is shown in Fig. 1. Any point which lies below this curve represents 
unsaturated air, while any point which lies above it represents foggy air. Suppose 
that the state of the air at any time is represented by the point P on the diagram. 
If the air be cooled without altering its composition, the successive states could be 
represented by points along the line PD. The point D on the saturation curve is 
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called the dew-point. The result of cooling below that point would depend on the 
way in which the cooling was brought about. If the air were to cool by radiation 
or by any process which abstracted heat from the whole volume of air at once, the 
state of the air would be represented by points on the prolongation of the line PD 
inwards, and fog would be produced; but if the cooling of the air were due to 
cooling of the ground, dew might be deposited. The proportion of water-vapour 
in the air would then decrease, the points representing the state of the air might 
lie along the saturation curve, and no fog would necessarily result. 


It is important, therefore, to consider the process by which the cooling may 
take place. In the first place, there is the possibility that the air may radiate its 
heat to the sky. As a matter of fact, however, air is such a bad radiator that the 
radiation has apparently very little to do with the production of fog, though it is 
possible that the cooling due to radiation from the fog particles after a fog has 
started may have the effect of making it thicker. 
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A much more frequent source of condensation is the cooling which takes place 
in a rising current of air owing to expansion. This is the most frequent cause of 
clouds. A fog on high land may be due to the forcing up of air from lower-lying 
land by the contours of the ground, but a fog of this nature is practically the 
same thing as the lower surface of a cloud into which the high land is projecting. 
Such a fog would make flying impossible, but even if low cloud did not come 
right down to the ground so as to form a fog, flying would still be practically 
impossible. From the point of view of the flyer, therefore, there is no special 
point in considering this type of fog apart from the occurrence of low clouds, and 
moreover, there are very few aerodromes at a high enough elevation above the 
general level of the country to make them subject to such fogs. 

The chief factor which determines the temperature of the air near the earth’s 
surface is the temperature of the surface; and nearly all fogs, both on land and at 
sea, are due to changes in the temperature of the earth’s surface under the surface 
air; but there is a great difference between the land and the sea in regard to the 
way in which this change may take place. Out at sea the temperature of the air 
seldom differs by more than one or two degrees from that of the sea. The 
temperature of the sea is only altered very slowly by heat taken from or given to 
the atmosphere, and there is practically no daily variation in the temperature of 
the sea surface. ‘The only way in which the temperature of the sea under a given 
mass of air may alter is by the motion of the air from a place where the sea is 
hot to a place where it is cold, or vice-versa. 

In the case of the land, the temperature of the surface of the ground may 
vary rapidly through a large range. Changes in the temperature of a given mass 
of surface air are due much more to changes in the temperature of the ground at 
one place than to movement of the air over ground, the temperature of which 
varies from place to place. The temperature of the ground depends on a great 
variety of different causes, such as the amount of cloud (for clouds prevent the 
ground from cooling at night or heating in daytime), the velocity of the wind, and 
the temperature of the ground for the last day or two. 

It will be seen, therefore, that the conditions which determine the formatiun 
of fog at sea are much simpler than those on land, though they are still rather 
«complicated. They are not a matter of great interest to the flying man, but it is 
worth while to explain the conditions which give rise to them, because it will be 
more easy to understand the more complicated land fogs when the simpler sea 
fogs are well understood. 

One of the foggiest regions on earth is the part of the Atlantic which 
stretches 300 miles east of Newfoundland. In this region the temperature of the 
water is very low, owing to the Arctic current which flows northward out of 
Baffin Bay along the east coast of the American Continent. During the summer 
it is surrounded on three sides by warm regions. On the west is the American 
Continent, while to the south and east lie the waters of the Gulf Stream. Winds, 
therefore, which blow from the east, south, and west are liable to be cooled by 
the Arctic water of the Banks, and fog is of very frequent occurrence. : 

During the summer of 1913 I spent six months on the whaling ship *‘ Scotia ’ 
carrying out scientific work on the Banks. Of the 806 occasions on which 
meteorological observations were taken during the voyage, there was fog 141 
times. When it is remembered that the voyage included the journey out and the 
journey home, each of which lasted nearly three weeks, it will be seen that the 
proportion of foggy days is very high. It: would have been impossible to 
examine every case in detail to see how the fog arose in each case, but in certain 
cases I succeeded in raising a kite to explore the upper air, and in most of those 
cases I traced the cause of the fog which prevailed at the time of the ascent. In 
every case it turned out that the fog was due to air blowing off warm water on 
to the cold water of the Banks. One example will suffice to illustrate the 
conditions which lead to the production of fog on the Banks. 
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On July 25th I raised a kite in a light southerly wind accompanied by thick 
fog. At the time of the ascent the ‘* Scotia ’’ was in latitude 46° 30’ N., longitude 
51° 41’ W. The temperature of the sea was 10° centigrade or 50° Fahrenheit, and 
the wind was blowing straight off the warm waters of the Gulf Stream. The 
position of the ‘‘ Scotia’? and the temperature of the sea are shown in Fig. 2. 
On that map the distribution of temperature in the sea is given by means of 
isotherms, or lines of equal temperature. These are drawn by collecting together 
all the observations of sea temperature taken by steamers during an interval of 
about a week. It will be seen that the isotherms of 40°, 50°, and 60° F. are close 
together in the part of the sea we are considering. 
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In order to find out through how large a range of temperature the air which 
was passing the ‘t Scotia *’ at the time of the kite ascent had been cooled, it is 
necessary to trace on the map the path by which the air approached the ** Scotia,’ 
so as to find out how much warmer the sea was in the warmest part of the path 
than the sea close to the ‘‘ Scotia.’? The path was traced out by means of wind 
observations from steamers in the neighbourhood. 


At the time of the ascent at 3 p.m. on July 25th, the wind was S. by W., 
and it had been blowing steadily from that quarter for at least 24 hours with an 
average speed of about 10 miles per hour. At 3 p.m. on July 24th, therefore, the 
air which was passing the ‘‘ Scotia’? at the time of the ascent must have been 
at a point 240 miles away in a direction S. by W. This point is shown at A in 
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A much more frequent source of condensation is the cooling which takes place 
in a rising current of air owing to expansion. This is the most frequent cause of 
clouds. A fog on high land may be due to the forcing up of air from lower-lying 
land by the contours of the ground, but a fog of this nature is practically the 
same thing as the lower surface of a cloud into which the high land is projecting. 
Such a fog would make flying impossible, but even if low cloud did not come 
right down to the ground so as to form a fog, flying would still be practically 
impossible. From the point of view of the flyer, therefore, there is no special 
point in considering this type of fog apart from the occurrence of low clouds, and 
moreover, there are very few aerodromes at a high enough elevation above the 
general level of the country to make them subject to such fogs. 

The chief factor which determines the temperature of the air near the earth’s 
surface is the temperature of the surface ; and nearly all fogs, both on land and at 
sea, are due to changes in the temperature of the earth’s surface under the surface 
air; but there is a great difference between the land and the sea in regard to the 
way in which this change may take place. Out at sea the temperature of the air 
seldom differs by more than one or two degrees from that of the sea. The 
temperature of the sea is only altered very slowly by heat taken from or given to 
the atmosphere, and there is practically no daily variation in the temperature of 
the sea surface. The only way in which the temperature of the sea under a given 
mass of air may alter is by the motion of the air from a place where the sea is 
hot to a place where it is cold, or vice-versa. 

In the case of the land, the temperature of the surface of the ground may 
vary rapidly through a large range. Changes in the temperature of a given mass 
of surface air are due much more to changes in the temperature of the ground at 
one place than to movement of the air over ground, the temperature of which 
varies from place to place. The temperature of the ground depends on a great 
variety of different causes, such as the amount of cloud (for clouds prevent the 
ground from cooling at night or heating in daytime), the velocity of the wind, and 
the temperature of the ground for the last day or two. 

It will be seen, therefore, that the conditions which determine the formation 
of fog at sea are much simpler than those on land, though they are still rather 
complicated. They are not a matter of great interest to the flying man, but it is 
worth while to explain the conditions which give rise to them, because it will be 
more easy to understand the more complicated land fogs when the simpler sea 
fogs are well understood. 

One of the foggiest regions on earth is the part of the Atlantic which 
stretches 300 miles east of Newfoundland. In this region the temperature of the 
water is very low, owing to the Arctic current which flows northward out of 
Baflin Bay along the east coast of the American Continent. During the summer 
it is surrounded on three sides by warm regions. On the west is the American 
Continent, while to the south and east lie the waters of the Gulf Stream. Winds, 
therefore, which blow from the east, south, and west are liable to be cooled by 
the Arctic water of the Banks, and fog is of very frequent occurrence. : 

During the summer of 1913 I spent six months on the whaling ship ‘* Scotia ’ 
carrying out scientific work on the Banks. Of the 806 occasions on which 
meteorological observations were taken during the voyage, there was fog 141 
times. When it is remembered that the voyage included the journey out and the 
journey home, each of which lasted nearly three weeks, it will be seen that the 
proportion of foggy days is very high. It would have been impossible to 
examine every case in detail to see how the fog arose in each case, but in certain 
cases I succeeded in raising a kite to explore the upper air, and in most of those 
cases I traced the cause of the fog which prevailed at the time of the ascent. In 
every case it turned out that the fog was due to air blowing off warm water on 
to the cold water of the Banks. One example will suffice to illustrate the 
conditions which lead to the production of fog on the Banks. 
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the map (Fig. 2). In the morning and afternoon of July 24th steamers in the 
neighbourhood of the point A registered a wind from the S.S.W. blowing with 
velocity about 10 m.p.h., and so the position of the air on July 23rd can be found. 

In this way the progress of the air which was examined by the kite ascent of 
July 25th was traced back to July 16th. The path is shown in the map (Fig. 2). 
On examining that map, it will be seen that on July 16th the air was in a region 
where the sea temperature was about 70° F. On July 17th and 18th it was moving 
southward, till on July 18th it was over a part of the sea where the temperature 
was 81° F. During the night of the 18th the air remained stationary, and on 
July 19th it turned northward towards the colder water again. During the 
succeeding days it continued to flow towards the cooler water, till on July 25th 
it had cooled through 30° down to 50° F. , 

The effect of the cooling which began on July 19th would naturally extend 
at first only to the lowest layers on the atmosphere, but gradually it might be 
expected to extend upwards as the cool air was carried into the higher regions by 
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means of turbulence and vertical currents. The height to which the cooling effect 
had extended by July 25th was revealed by the results of the kite ascent. It was 
found that up to a height of 700 metres the temperature steadily increased, while 
above that height it decreased. The variation of temperature with height above 
the sea is shown in Fig. 3. 

It will be noticed that above 700 metres the temperature falls off at a rate of 
about 1° centigrade per 100 metres. This is the rate at which temperature falls 
off when the base of the atmosphere is heated. It appears, therefore, that the air 
above 700 metres was left in the same state that it was when it was being heated 
from July 16th to 18th, and that the cooling effect had only extended up to a 
height of 700 metres, or 2,300 feet, in the seven days during which the cooling 
was taking place. This is confirmed by the fact that if the upper part of the 
temperature curve be produced, as in the dotted line in Fig. 3, so as to represent 
the state of the air at the point in latitude 30° N., where the air turned northwards, 
it cuts the base of the diagram at a point representing a temperature of 26° C., or 
79° Fahrenheit. That is to say, the temperature at the base of the atmosphere 
when the air examined by the kite ascent of July 25th turned to the northward was 
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79° F. This is in very good agreement with the temperature of the sea in those 
parts which was observed to be 81° F. on July 1gth. 

We have now seen how the cooling which produced the fog of July 25th took 
place, and to what height it extended; it remains to see how high the fog 
extended. Besides the thermograph, I had a hygrograph attached to the kite, 
and from the readings of that instrument I obtained the relative humidity of the 
air at different levels. On the left-hand side of Fig. 3 is a curve which shows the 
results. It will be seen that the air was completely saturated, i.c., the humidity 
was 100 per cent. for the first 210 metres. Above that height, however, the 
humidity fell off up to 700 metres, when it was 80 per cent. It appears, therefore, 
that the fog in this case extended to a height of 210 metres, or 700 feet. 


Seven hundred feet is rather high for a sea fog of this type; they are 
frequently so shallow that the top of the mast of a ship is in bright sunlight when 
the hull is in such thick fog that one cannot see more than 8o or roo feet on deck. 
Occasionally, however, the fog may extend up to 3,000 feet. On one occasion I 
sent a kite up in a thick fog which proved to be 2,500 feet thick. 


We now turn to the last, the most complicated and, unfortunately, the most 
frequent cause of fog formation, the cooling of the ground by radiation to the 
sky at night. This is the kind of fog with which flying men are chiefly concerned. 


It is a matter of common observation that fogs occur with light winds or in 
calms, and that they usually appear when the sky is clear of clouds. This 
suggests that they are formed during the night on the spot at which they are 
observed in the morning. 


To find out how far this is true and what wind velocity prevents the formation 
of fog, I examined all the fogs which formed in the night and were observed in 
the morning at Kew in the five years 1goo-1905. This leaves many fogs 
unaccounted for, because meteorologists make their observations at about 7 a.m., 
and many summer fogs have cleared off by that time. The wind at Kew is 
registered by self-recording instruments, and is tabulated every two hours. For 
convenience I have divided the wind velocities into four classes. In the first 
class are included all the occasions when the wind velocity was between o and 3.3 
miles per hour. The second class contains winds from 3.3 to 5.5 m.p.h., the 
third winds from 5.5 to 9.2, and the fourth winds from 9.2 to 13.6 m.p.h. At 
4 p.m. on the afternoons of the 70 nights on which fog was reported during the 
period 1900-1905 there were examples of winds of each of the four classes. The 
actual number of cases in each of the four classes are shown in the first column 
of figures in Table I. At 6 p.m. the evening calm had set in, and it will be seen 
on looking at the second column of figures in Table I. that there were only two 
cases in five years in which a wind of 9.2 miles per hour or more at 6 p.m. was 
followed by a fog during the night. At 8 p.m. the wind had dropped still further 
on the foggy nights, so that there were only two cases in the five years when a 
wind of more than 5.5 miles per hour was followed by fog during the night. At 
10 p.m. there were still two cases in the third class, while there were 10 cases in 
the second class. 


It will be seen that Table I. can be used for forecasting, because if ‘‘ no fog ”’ 
had been predicted at Kew every time the wind at 8 p.m. was greater than 5.5 
m.p.h., only two mistakes would have been made in five years. We might also 
have predicted ‘‘ no fog ’’ every time the wind at 6 p.m. was greater than g.2 
m.p.h., and again we should have been wrong two times in five years; but since 
there were more occasions when the wind was greater than 5.5 m.p.h. at 8 p.m. 
than there were when it was greater than 9.2 m.p.h. at 6 p.m., it is evident that 
we should have made more correct prophecies by using the wind at 8 p.m. than 
the wind at 6 p.m. That is to say, the 8 p.m. criterion that the wind must be 
less than 5.5 m.p.h. gives rise to fewer ‘‘ false alarms,’’ when the possibility of fog 
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is predicted and no fog follows, than the 6 p.m. criterion that the wind must be 
less than 9.2 m.p.h. 


Reasoning in the same way, I found, on examining the Kew records, that 
the wind at 8 p.m. was a better criterion than the wind at 10 p.m. It seems, 
therefore, that a fog forecaster would do better by observing the wind at 8 p.m. 
than by observing the wind either before or after that hour. 


After rejecting all nights when the wind at 8 p.m. is greater than 5.5 miles 
per hour, there remain a large number of nights when fog does not form. In 
many of these cases the sky is covered with clouds. The earth does not cool by 
radiation under these conditions, and consequently the surface air does not cool 
either, so that a fog is not to be expected. If, however, all nights when the sky 
is covered with clouds at 8 p.m., or any later time in the night, be rejected, there 
still remain many cases of calm, clear nights during which no fog forms. The 
question which must be looked into is, therefore, why fogs sometimes do form and 
sometimes do not on calm, clear nights. How is it that on two nights which 
appear exactly similar fog may form on one occasion and not on the other ? 


TABLE I. 


Frequencies of wind of various strengths at 4 p.m., 6 p.m., 8 p.m., 
and midnight on the 70 occasions when fog was reported in the 
night during the years 1900-1905 :— 


Wind Velocity. 4pm. 6pm 8p.m. 10 p.m. Midnt. 
o—3-3 m.p.h.... 35 50 58 62 
3-3—5-5 20 18 10 5 
16 13 I 2 3 
9.2—13.6 ,, 2 I fe) 


Two possible explanations at once suggest themselves—either the ground is 
so warm that the temperature cannot go down enough to produce a fog when the 
air has the normal amount of humidity or the air is so dry that a fog would only 
be produced if the fall of temperature during the night were much greater than 
is usual on calm, clear nights. The first of these is very difficult to deal with, 
depending as it does on such a complicated series of causes. The second, 
however, seems to be the more important, which is fortunate, because it is 
certainly more easy for a forecaster to take account of the dryness of the air than 
to take account of the conditions which govern the temperature of the ground. 


In order to predict whether fog is likely to appear on a calm, clear night, it is 
first necessary to predict the amount by which the temperature is likely to fall in 
the night, and then one must measure the amount of water-vapour in the air and 
find out whether the predicted fall in temperature is great enough to produce 1 
fog. 

At first sight the second of these seems to be a question which could be 
solved by purely physical reasoning. The extreme lightness of a wind during a 
fog suggests that the occurrence of fog at any place is due to the cooling of the 
ground in the neighbourhood, and not to a mist which has rolled over from 
somewhere else. When stagnant air is cooled, one might expect the proportion 
of water-vapour contained in the air to remain constant till the fog begins, when 
it would decrease, owing to the fact that some of the vapour had been precipitated 
as drops. 


On examining the Kew records I found that on foggy nights the vapour 
pressure remained constant for a time and then began to decrease. In Fig. 4 will 
be seen a curve which represents the mean vapour pressure on foggy nights in 
the summer. It will be seen that this curve shows the characteristic referred to. 
Taking this as evidence that the vapour pressure remains constant till the fog 
forms, I next proceeded to calculate how much the temperature would have to 
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drop after 8 p.m. before the air became saturated. I then compared the actual 
amounts by which the temperatures at Kew had fallen after 8 p.m. on clear, calm 
nights, and found, to my surprise, that the temperature of the air near the 
ground falls below the dew-point at 8 p.m. nearly every night when these 
conditions hold. It is evident, therefore, that the vapour pressure must decrease 
on non-foggy nights as well as on foggy nights. I examined the clear, calm 
nights, when fog did not form at Kew, and found, as before, that the vapour 
pressure of the air near the ground remains constant during the afternoon and 
evening, and begins to decrease at about 10 p.m. In Fig. 5 is shown the curve 
which represents the mean vapour pressure on non-foggy nights in summer. The 
decrease in vapour pressure is evidently due to the deposition of dew on the 
ground. The cold up-currents which rise from the ground have deposited some 
of their moisture on the ground, and are therefore drier than the down-currents. 
When, therefore, the temperature of the air in contact with the ground falls below 
the dew-point, the vapour pressure of the air above it begins to fall, and the 
question of whether a fog arises depends on whether mixtures of the up and 
down-currents are capable of forming fog. If we knew the exact compositions 
of the up and down-currents, and also the proportions of each in any mixture, we 
could find out whether fog results by the use of the diagram of Fig. 1. 


In order to find out from the known physical properties of air mixed with 
water-vapour how much below the dew-point at 8 p.m. air must be cooled before 
fog is produced, we should have to know all about the up and down-currents 
which transmit the coldness from the ground to the atmosphere, and also all 
about the vertical distribution of the temperature and humidity. 


It is obvious that forecasting cannot proceed on these lines. I have therefore 
tried to find out a simpler, more empirical method of forecasting. It is well 
known that the temperature falls more rapidly on warm summer evenings than it 
does in the winter when it is cold. Suppose that we make observations at 8 p.m. 
and that we know the average fall in temperature during a calm, clear night for 
any temperature at 8 p.m. Suppose also that we know how many degrees below, 
the dew-point the air must be cooled before fog forms, then for every temperature 
at 8 p.m. there will be a certain amount of moisture (or a certain vapour pressure), 
such that if the air is moister fog is likely, whereas if the air contains less 


moisture fog is improbable. One could therefore draw a line on a moistureé 
diagram* which has the following property :—If the point which represents the 


state of the air at 8 p.m. lies below it, fog is unlikely during the night, while if 
the point lies above it, fog is probable. 


Now, although we do not know the data by means of which we could 
construct the line, yet since we know theoretically that such a line should exist 
we can find it empirically by making all the points representing the state of the 
air at 8 p.m. on calm, clear nights on the diagram and drawing a line dividing 
the points which represent foggy nights from those which represent non-foggy 
nights. 


As a matter of fact, this form of moisture diagram in which the state of the 
air is represented by a point giving the vapour pressure and the temperature is 
not very convenient. 


Vapour pressure is not, as a rule, measured directly. The most convenient 
way of measuring the amount of water-vapour in the atmosphere is to measure 
the difference in temperature between a dry thermometer and one whose bulb is 
kept wet by being covered by wet muslin. When the air is dry there is 
considerable difference in temperature between the wet and dry bulbs, owing to 


A diagram which shows the vapour-pressure and temperature of the air. 
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the cooling of the wet bulb by evaporation. When the air is saturated the water 
does not evaporate from the wet bulb. The wet bulb is therefore not cooled below 
the temperature of the dry bulb. The difference between the temperatures of the 
wet and dry bulbs therefore measures how far off the air is from saturation. 
Tables have been drawn up showing the vapour pressure and depression of the 
dew-pointy for various temperatures of the wet and dry bulb thermometers. 


Diff. between Wet § Dry Bulbs 
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t The depression of the dew point is the number of degrees through which the air must be 
cooled before dew is deposited. 
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Using these tables, I took every case in which the wind and cloud conditions 
at 8 p.m. at Kew were suitable for the formation of fog, i.e., every case in which 
the wind was less than 5.5 m.p.h. and the sky was not covered with clouds, and 
found the depression of the dew-point. IT then marked each of these on a diagram 
representing the state of the air by points, giving the temperature as abscissa 
and the depression of the dew-point as ordinate. For every night when fog 
occurred I marked the point as a round dot, and for every night when no fog was 
reported I marked a cross. The diagram is shown in Fig. 6. I then drew the 
line shown in the figure which divides roughly the dots from the crosses. It will 
be seen that there are only three dots above the line, while there are 31 crosses. 
If, therefore, this line had been used for forecasting, on Gccasions when the wind 
and cloud conditions were suitable for fog, that no fog would occur if the point 
representing the state of the air at 8 p.m. were above the line in the diagram, three 
mistakes would have been made for 31 correct predictions. On the other hand, 
when the point lies below the line, the chances are about equal that a fog will 
occur at Kew and that it will not. 

It appears, therefore, that a diagram of this form should be of some use in 
predicting the occurrence of fog if it applies to other places besides Kew. I find 
on examining the records of Oxford, Nottingham and Potsdam, that the line is 
in each case very close to the Kew line. 

As the diagram stands, it is not very convenient to use, because, after reading 
the wet and dry bulb thermometers, one has to look up in a table to find the 
depression of the dew-point. It can be made more convenient by transferring 
the line to a diagram in which the state of the air is represented by a point 
showing the difference between the wet and dry bulb readings as ordinate and the 
temperature as abscissa. 

A diagram constructed on this principle is shown in Fig. 7. The line shown 
in Fig. 7 was transferred from Fig. 6 by finding, from the tables, the difference 
between the wet and dry bulb readings corresponding with points in Fig. 6. The 
diagram may be used conveniently for predicting whether fog is likely to appear 
on an aerodrome or not during the night. The wet and dry bulb readings are 
taken at 8 p.m. If the wind is less than 5.5 m.p.h. and if the sky is not completely 
covered with clouds, then a fog is probable if the point on the diagram which 
represents the state of the air at 8 p.m. lies below the line. If the point lies 
above the line, fog is improbable. 

If the point iies close below the line, i7.c., if there is still a considerable 
difference between the wet and dry bulb readings, but not enough to ensure the 
absence of fog, fog is probable, but since the air is still unsaturated fog will not 
appear for some time after the readings were taken. A difference of more than 
a degree between the wet and dry bulb readings may be taken to indicate that 
fog will not appear immediately. A line has been drawn on the diagram which 
indicates roughly the difference which is necessary in order that fog may not 
appear for about four hours. This line evidently lies below the other line, and 
points which lie between the two indicate the probability that fog will form after 
midnight. It seems possible that the diagram may be of some use to flight- 
commanders in telling night pilots how long to stay: up. 

It may sometimes be convenient to make a forecast at 6 p.m. instead of at 
8 p.m., though for reasons already given the 8 p.m. forecast is more likely to be 
correct. To allow for this contingency a third line has been drawn on the diagram 
above the 8 p.m. line. When the point representing the state of the air at 6 p.m. 
lies above this line, fog is improbable during the night. 

The chance that a prediction made with this diagram will be right can be 
jidgea by looking at the diagram of Fig. 6, but there is another cause which 
limits its usefulness in the winter, the freezing of water which is supplied to keep 
the wet bulb from becoming dry. When this water freezes the readings of the 
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wet bulb become unreliable. In the summer, however, the use of the diagram 
should lead to a considerable improvement in forecasting the occurrence of a 
radiation fog. 


DISCUSSION. 


Colonel H1GGins said that in France they had the wet and dry bulb thermo- 
meters on trial for the last two months. Owing to the frosty weather the wet 
bulb was nearly always frozen and no results of any value in fog forecasting were 
obtained. It was mast desirable for Squadron Commanders to know, when 
sending up pilots at night, if fog might be expected whilst machines were in the 
air so that they might warn the pilots to be on the look out to come down if the 
flares started to become obscured. At the present moment, in a thick ground 
mist or fog, nothing has vet been produced to assist the pilot in making a safe 
landing. Up to the present, it has been found that the petrol or parafin flare 
shows better through fog or mist than any other form of lighting. However, on 
one occasion, he remembered a pilot being up when a very thick fog came down 
and the pilot could not see the flares. A very large bonfire was lit of wood and 
paraflin and the pilot was able to see this at 5,oooft., and on coming down to it, 
when at about 50o0ft. he saw the flares and made a safe landing. 


Various forms of lighting on the machine have been experimented with in 
the way of electric landing lights and Holt’s flares. Though these. were fairly 
successful when there was no fog or ground mist, when the contrary prevailed, 
they were worse than useless and were a danger to the pilot. A form of pressure- 
fed naphtha flare had been tried at one time somewhat similar to the flares used 
in markets. The results obtained showed some promise, but up to now the flares 
used have been too small. 


Mr. Brignt, F.R.S.E., understood Colonel Higgins to say that the 
electric light was of no use for lighting night landing grounds. In view of this 
general statement, he (Mr. Bright) felt that the flame are lamp could not have 
been tried for the purpose. The latter type of lamp, giving a reddish light, had 
very strong penetrative powers through fog, mist, etc., whilst having the advan- 
tage of being capable of being turned on or off at a moment’s notice, which 
certainly did not apply to petrol flares. 


As the speaker (Mr. Bright) had mentioned in his ‘* Additional Recommenda- 
tions *’ at the end of the Final Air Report, neither the ordinary more or less white 
electric are lamps or electric glow lamps were at all satisfactory for penetrating 
fog or ground mists, but he also there strongly commended the electric flame arc 
lamp for the purpose, and had, indeed, specified in a separate communication to 
the War Office the particular type of carbons that should be used for securing the 
required hue. 


Captain GRovEs said that at considerable heights (up to 10,000 feet) he had 
been surprised to come across bumps in the air on perfectly clear days, and he 
had quickly taken this as a sign that the wind was changing. On one occasion 
he had noticed it change from east-—below 10,000 feet—to nearly north-west— 
above 10,000 feet, and the same bumps and opposite change of wind had occurred 
on coming down again. 


With regard to the question of fog and lids on fog, his experience during the 
six months he had spent at Dunkirk had led him to think very seriously. On 
one occasion eleven machines had started about one and half hours before sunrise 
to carry out a dawn patrol about 30 miles off. The fog started an hour after 
sunrise with eleven machines up. The pilots could not see whether they had land 
or water underneath them, although above the fog it was perfectly clear with a 
blue sky, consequently there were several accidents. 
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Emergency arrangements to deal with similar occurrences had been made 
forthwith. A large bonfire was kept ready for lighting at one end of the Acro- 
drome, in addition 20 acetylene flares were kept ready in a motor car if machines 
were up by day or night, if there was any possibility of fog. 


On the first sign of haziness the flares were run out on the open beach, 
forming a line perhaps three miles in length. The bonfire acted as a beacon for 
pilots, enabling them to localise the Aerodrome. If the fog was too thick for 
them to land there, they flew along the line of flares laid out on the beach, confident 
of not hitting any obstruction, and were generally able to land without accident. 

Practically the whole beach from Calais to Ostend forms a good landing 
ground, but the eastern end is not very favourable just now. (Laughter.) 
Experienced pilots working along that coast could frequently tell the whereabouts 
of the coast line by the formation of the clouds. (Major Taylor explained that 
this was due to eddy-motion. ) 

As regards the lighting of the landing ground, they had found nothing to 
beat a good bonfire, as in France they had no facilities for running an effective 
electrical lighting svstem. For commercial flying in future he imagined there 
would be recognised emergency landing grounds, like the Dunkirk beach, or 
possibly further south, and that kite balloons would be used above the fog to act 
as beacons; indeed, he had actually arranged for this at Dunkirk as soon as kite 
balloons would be available. Also there would doubtless be aerial lighthouses 
with very powerful searchlight beams, and on long stretches of favourable ground, 
very powerful flare are lights for landing by ; possibly we should have series of kite 
balloons ready to send up above fog, indicating the routes to selected landing 
places. 

As regards lights for piercing the fog, he had recently seen a trial of the new 
form of searchlight arc, giving eight times the iMlumination of existing arcs. 
Altogether the position was hopeful and he thought that in the future the question 
of being caught by fog would be much less of a bugbear. 

Colonel O’GorMAN asked the audience to join him in attaching the greatest 
importance to Major Taylor’s researches. He had had the advantage of Major 
Taylor working as his assistant on widely different subjects for some 18 months 
at the R.A.F., and in that period had developed almost an admiration for his 
ability in the field both of observation and mathematical physics. 

If the lecturer’s proposals are extended so that observations and predictions 
are made at a multiplicity of aerodromes and the results telegraphed to a common 
centre, it would be possible to send out from that centre every time it was required 
instructions to each flving headquarters enabling them to draw on the map a line 
separating the fog-ridden from the fogless areas, and this line would be apparently 
safe, and prophetic to the extent of several hours. A pilot provided with this 
fog contour line on his map would have a much improved chance of safe alighting. 

With protracted use there would develop a knowledge of the habitual locality 
of fogs, their movements, ete., which would tend to develop and improve the 
lecturer’s ‘‘ dew-point *’ method. The spread of information as to the height of 
fogs would thereafter result in the preparation of maps of fog giving heights, 
and by slow degrces the life story of fog might in this way be greatly advanced. 

He understood the lecturer to say that a night fog was local, and due to local 
conditions almost entirely ; if so, the local wetness or dryness of an aerodrome 
would have a very important bearing on whether it is or not immersed in fog. 
Our experience of flying grounds as constituted at present is that they are nearly 
always in damp situations. That is, indeed, often the very reason why they hav« 
not been built on or cultivated, and therefore they remained available as flight 
grounds. 

He wished to suggest that it would not be an impossible task, as soon as a 
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case was made out for the expenditure, by such work as Major ‘Taylor’s, to 
establish almost permanently dry aecrodromes, in view of the well-known dryness 
which had been secured by tarring roads. 

It was true, and General Brancker was warranted in saving, that this was 
the first meteorological paper since the war—nearly three vears—but it was not 
correct that the Society itself had neglected that branch. We were, and always 
had been, in close and interested touch with meteorology. Mr. Dines and Sir 
Napier Shaw had before now read us meteorological papers, and we were in close 
alliance with the Meteorological Society, which was represented there that night, 
and of which he himself was a member. 

Perhaps the value of meteorology to the world was illustrated by realising 
that the mere formation or non-formation of clouds at appropriate times and 
places represented the main cause of the good and bad world’s harvest, and a 
bad harvest represented a loss of wealth of £250,000,000 in that one year, while 
some such loss occurred almost every eleven years. These figures warranted the 
outside world in helping forward the flver and the meteorologist in their studies 
on the subject, and showed that money support might well be requited. Fogs 
were not exactly clouds, but they had a cousinship with clouds, and the knowledge 
of both deeply concerned the flyer on military and also on commercial flying. 

The formation of fog had mostly been considered as if it were exclusively 
the uprising of an enemy, but there must be many war conditions when a ground 
fog, obscuring any view of flyers overhead from gunners or opposed aircraft on 
the ground, must be regarded as a friend of the man in the air. To know 
precisely when that friend is going to appear and where might facilitate bombing 
expeditions in a remarkable degree, and this applied to oversea expeditions as 
well as to overland projects, always supposing that we had succeeded in our 
efforts to get into our aircraft such a combination of power units that we no 
longer dread engine stoppage. It was unnecessary to say that the aero-engine 
question was also the cardinal business of the Aéronautical Society. It was not 
known to the members that Major Taylor had also made valuable contributions 
to the engine question both in the matter of air-cooling gills and on the question 
of carburation of fuel at high altitudes when he was at Farnborough. 

General BranckEerR, from the chair, asked the audience to join with him in 
thanking Major Taylor for his lecture. 


General Brancker, on the motion of General Ruck, was thanked for presiding. 


| 
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